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Only portions of the following Remedial Investigation Report,
January 1989, for the Alsco Anaconda Site in Gnadenhutten, Ohio
are approved by the United States Environmental Protection
Agency. Specifically, only those portions which discuss the site
solid waste and air investigation are approved. Please refer to
pages 2 and 3 of the following letter dated June 14, 1989 for
specific reference to approved and not approved portions of the
Remedial Investigation Report.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 5

230 SOUTH DEARBORN ST.
CHICAGO, ILLINOIS 60604

^twcf^
REPLY TO THE ATTENTION OP:

5HS-11

Mr. Thomas McLane
ARCO
515 South Flower Street
Los Angeles, CA 90071

Dear Mr. McLane:

This letter serves as a follow up to our recent telephone conversations
concerning the groundwater contamination at the Alsco Anaconda Superfund
National Priorities List Site 1n Gnadenhutten , Ohio. As significant
questions still remain as to the exact nature and extent of this
groundwater contamination, U.S. Environmental Protection Agency (ERA) has
decided to postpone the decision on the groundwater remedial action
selection until these remaining questions are resolved.

We agreed to remove references to groundwater remedial action
technologies and alternatives from the draft FS. The revised FS will
serve as a Focused FS developing and evaluating alternatives for the site
source materials (sludge and contaminated soils) only. The revised FS of
June 1989 received by the U.S. EPA on June 8, 1989 will serve to meet the s
deliverable Identified as the "public comment draft" planned for June 12, ^
1989 In the schedule for site tasks. U.S. EPA will be making final
comments to be incorporated into this report before approving the final
Focused FS.

A decision for the source materials remedial action will be made by us
sometime late this summer. A decision for the groundwater contamination
remedial action will be made by us in a timely manner after adequate
information has been gathered.

As various communications between myself and ARCO staff have indicated,
there remain some Important questions about the site contaminated
groundwater and the risk it may pose to surrounding exposure points. It
is important that these questions are resolved before a protective, cost-
effective groundwater remedial action can be selected. As such, the RI
Report submitted by ARCO dated January 1989 in compliance with
Administrative Order by Consent U.S. EPA Docket NO. VW 87C002 1s approved
in reference to definition of the site solid waste and air Investigation
only. The conclusions drawn about the nature, extent and final
disposition of groundwater contamination, as well as Information
presented about the risks posed from this groundwater, are not supported
with sufficient data, therefore, are not approved. Additionally,
information in the RI Report 1n reference to the surface
water/groundwater relationships 1s also not approved at this time.



00001600

Specifically the following portions'of the RI Report are approved and
provide adequate Information, along with the draft FS, to allow selection
of a remedial action for the site solid wastes and contaminated soils
operable unit.

1.1 Site Background Investigation

1.2 Nature and Extent of the Problem

2.0 Site Features Investigation

3.0 Hazardous Substances Investigation

4.2 Hydrogeologic Investigations Soils

5.2 Surface Water Investigation - Drainage patterns

5.3.1 through 5.3.3 Tuscarawas River

5.3-1 Physical Characteristics
5.3.2 Flooding Tendencies
5.3.3 Manmade Structures

5.4 Tuscarawas River Quality

6.0 Air Investigations

8.7 Potential Receptors Via Direct Contact

8.8 Impact of Direct Contact

8.11 Conclusions - Paragraphs referring to direct contact and air
migrations pathways only.

The following portions of the RI Report are not approved:

Executive Sunnary

1.3 Remedial Investigation Summary

1.4 Remedial. Investigation Report Overview

4.1 Introduction - Hydrogeologic Investigations

4.3 Groundwater

5.1 Introduction - Surface Hater Investigation

5.3.4 Surface Water/Groundwater Relationship
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5.5 Tuscarawas River Sediments

7.0 Biota Investigation

8.1 Design of Risk Assessment

8.2 Selection of Indicator Parameters

8.3 Methodology

8.4 Environmental Migration Pathway

8.5 Potential Receptors for Water Pathway

8.6 Impact of Constituents In Groundwater

8.9 Impact on Wildlife

8.10 Uncertainty Analysis

8.11 Conclusions - Paragraphs referring to public health and
environmental concerns due to contaminated ground water.

Addendum 2 of the RI, Evaluation of Monitoring and Pumping Wells PW?4 and
PW-5, dated May 1989 1s also not approved at this time as U.S. EPA is
currently reserving judgement on groundwater components of the RI. This,
information may be useful in future groundwater Investigation and
evaluation.

Additions to Remedial Investigation which must be made prior to U.S. EPA
approval include the following:

Definition of the horlzonal and vertical extent of groundwater
contamination;

The discharge points of contaminated groundwater (i.e., to the
Tuscarawas River or beneath it, toward the Alsco pumping well 15 or
away from It);

A proper public health evaluation of actual and potential exposure
routes of the contaminated groundwater in accordance with the
Superfund Public Health Evaluation Manual, October 1986 (OSWER
Directive 9285.4-1); and

i
A sampling of the benthic community In the Tuscarawas River to
evaluate exposure from site contaminants.



00001602

In accordance with Section XIII. Review of Documents of the
Administrative Order by Consent, please provide a work plan with an
appropriate schedule to address these Items by August 7, 1989. Once the
necessary data are collected and evaluated, a small Phase II FS can be
performed (relying, as appropriate, on Information already developed
about groundwater remedial actions) to evaluate groundwater remedial
actions,

I look forward to completion of the source material FS currently being
finalized. Please do not hesitate to contact me if I can provide any
further clarification or information concerning the above letter.

Sincerely,

Diana Mally
Remedial Project Manager

cc: John Rochotte, OEPA
Kathy Oavidson, OEPA (TUS-OCA)
Jess Womack, ARCO
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IT Corporation (IT) was contracted by AftCO Chemical Company (AiCO) to conduct
a Reaedial Investigation (RI) at the former Alsco Ar.aconda site berein
referred to as the AS CO Cnader.hutten, Ohio plar.t site. Cnadenhutter., a
coonunity of about 1,320 residents, is located in Tuscarawas County, about
49 miles south of Akron, Ohio. The former A#CO Alsco plant was located on
23.6 acres along the floodplain of the Tuscarawas River, and consisted of an
architectural aluminum manufacturing plant, office building, wastewater
treatment plant, sludge settling basin, and sludge pit (Figure E'S-1). The
settling basin'and sludge pit were used for the dispo'sal of chromium- and
cyanide-containing sludge, a by-product from the production of aluminum siding
and coated coil, that consists mostly of aluminum oxyhydroxides, calcium
carbonate, calcium sulfate, and water. Sludge was also deposited in a wooded

*

marsh (swamp) area adjacent to the settlement batin as a result of effluent
overflow from the basin and plant wastewater discharge to this area. Because
of concerns for the possible contamination of water resources d.ue to leachate
from the sludge, in October 1984 the site was proposed for inclusion on the
National Priorities Lift (NPL) of sites -eligible for cleanup under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA). The site was formally placed on the NPL in June 1986. In December

1986, ARCO sold the plant .to Pony Industries, Inc., a subsidiary of Horsehead
Industries, Inc., 'but ARCO retained ownership of. the areas (approximately ,
4.8 acres) used for sludge disposal that are included on the NPL. The
chronology of the Alaco-Anaconda NPL site is summarized in Table ES-1. *

The purpose of the RI was to determine tht nature and extent of contamination
•t the Alsco-A/iaconda NPL-site and the potential environmental impact of site
conditions'and contaminant migration. The information obtained in the RI was
tttcd to develop and evaluate a number of remedial alternatives and, to
identify, on the basis of technical adequacy and cost-effectiveness, the/,
rccoenended remedial action to mitigate the impacts identified in the RI
consistent with an acceptable level of potential risk.

RI activities for the Alsco-Anaconda NPL site have been conducted in accord-

ance with the February 1987 consent order (Table ES-l) Statement of Work t

ES-T
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(SOW), CERCLA and National Contingency Plan (NCP) (40 CFR 300) guidelines, and
applicable U.S. Environmental Protection Agency (U.S. EPA) and Ohio Environ-
mental Protection Agency (OEPA) requirements. This report has been prepared
to document the activities that were undertaken by IT in order to Met the
objectives of the RI. The format of the RI report follows the outline
presented in the U,S. EPA document EPA/540/6-B5/002, "Guidance on Remedial
Investigations under CERCLA,'* 1985, Washington, D.C.i

Several phases of field activities, sample collection, and chemical
constituent analyses were planned and conducted during the period from
March 1965 through January 1987 (Table ES-2). The project tasks were
performed in accordance with Revision I and Addenda I and II of the RI Work
Plan and Revisions I, II, or III of the Quality Assurance Project Plan (QAPP),
documents which were prepared by IT for ARCO and which were reviewed and
approved by representatives of the U.S. EPA Region V and the OEPA.

As summarized in Table ES-2, the Alsco Anaconda site RI involved the
installation of nine monitoring wells and the collection of corresponding
borehole soil samples and ground water samples, plus ground water from plant
production wells, sediments from the Tuscarawas River, and sludge and
underlying soil samples from the sludge settlement basin, the sludge disposal
pit, and the swamp area. Representative composite sludge and soil samples
were analyzed for Hazardous Substance List (HSL) organic compounds, cyanide,
fluoride, nitrate, hexavalent chromium,* total chromium, and other total metals
as well as leachable metals by the Extraction Procedure Toxicity (E.P.
Toxicity) test method. Ground waters were monitored for HSL organic
compounds, cyanide, fluoride, nitrate, chromium, and selenium, plus water
levels, pH, temperature, and specific conductance. The river sediments were
analyzed for polychlorinated biphenyls (PCBs), total chromium, and hexavalent
chromium.

The major findings of the RI are that sporadic and seasonal ground water
contamination occurs within and is limited to the immediate area surrounding
the impoundment, sludge pit, and swamp area (Section 4.3.7) and the endanger-
ment assessment for human exposure scenarios indicates that the site ground
water does not pose any undue risk (Section 8.6). Metals and volatile organic

ES-2
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contaminants (VOCs) detected «t the site also do not pose an undue risk

(Section 8.8). However, PCB concentrations within Area No. 4 sludge may pose
an unacceptable level of risk based on the human exposure scenarios evaluated
(ingestion and direct contact, Section 6.6*7). Additionally, Area No. 6 is
within the floodplain of the Tuscarawas River. In summary, the results of the
risk assessment indicate the PCB concentrations only in Area No. 4 may pose a
potential risk.

ES-3
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TABLE ES-1

CHRONOLOGY OP ABCO ALSCO AMACOtfDA SITE

Site Ownerthip and Development

1948 Harvard Industries established the Alsco plant and began
manufacture of aluminum siding and coated coil ac the facility

1949-1960

1965

August 1971

1972

Additions to plant structures and product line

Construction of sludge settlement basin

Anaconda Company purchased the Alsco plant

Major expansion to plant

January 1977 ARCO Chemical Company purchased the Alsco plant

1978 Filter press installed to dewater sludge; settlement lagoon
taken out of service, but clarified water routed through
lagoon to swamp until rerouted directly to swamp in 1980

October 1984 U.S. EPA proposed site .for inclusion on NPL

November 1984 ARCO retained IT to perform RI/FS

RI activities begun on site

Site formally listed on NPL

March 1985

June 1986

December 1986 Horsehead Industries purchased Alsco plant; ARCO retained
ownership of HPL site property

February 1987 Consent order between U.S. EPA, OEPA, and ARCO issued for
public comment

Hastewater Treatment

Prior to 1965 Uastewater discharged untreated to Tuscarawas River

1965 to 1972 Uastewater discharged to settling lagoon; untreated effluent
overflow discharged to river

January 1971 Industrial Waste Permit received from Ohio

May 1971 MPDES permit applied for to discharge 72,000 gal/day

March 1972 Chromium reduction system linked in wastewater treatment;
treated wastewater discharged to lagoon

1974 Chromium reduction system enlarged
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TABLE ES-1
(Continued)

1978 Lamella (plate and franc) filter press installed for sludge
dewatering; clarified water discharged to lagoon

November 1980 Clarified water rerouted to bypass lagoon, discharged to swamp

1986 Sand filter added to wastewater treatment system

October 1986 Treated, clarified wastewater discharge rerouted from swamp to
NPDES permitted outfall to river



00001623
TABLE BS-2

REMEDIAL INVESTIGATION ACTIVITIES
FOE THE AECO ALSCO ANACONDA SITE

CNADENHUTTEN, OHIO

A. Remedial Investigation Work PUn; Sumitted December 1984, revised March
1985 (Revision I), end amended May 1985 (Addendum I) end August 1966
(Addendum II)

B. Quality Assurance Project Plan; Submitted January 1985 and revised March
1985 (Revision I), August 1986 (Revision II), and October 1986 (Revision
III)

C. Health and Safety Plan; Submitted January 1985, revised March 1985
(Revision I), and amended November 1986 (Addendum I)

D. Investigation of Site History

1. Documentation of site history

V a. Plant records

b. Aerial photographs

c. Corps of Engineers flood records

2. Literature search

a. Published literature

b. STORET data

c. ODNR water well inventory data

E. Field Investigation

1. Settlement lagoon and sludge pit sampling

a. Sludge pit - Test pits TP-1 through TP-5 (April 1985) and auger
samples S-l through S-4 (November 1986) and S-l through S-5
(January 1987)

b. North segment of settlement lagoon - Test pits TP-6 through TP-8
(April 1985) and auger samples S-l through S-3 (November 1986 and
January 1987)

c. South segment of settlement lagoon - Test pits TP-9 through TP-13
(April 1985) and auger samples S-4 through.S-6 (November 1986 and
January 1987)
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TABLE ES-2
(Continued)

2. Swamp area sludge and underlying soil sampling

a. Forty sludge and subsurface soil samples collected on 75-foot by
50-foot grid system from April 5, 1985 to April 8, 1985

b. One hundred and forty sludge and subsurface soil samples collected
on a 37.5-foot by 25-foot grid system from November 24 to December
2, 1986 and then repeated from January 19 to 22, 1987

c. Forty-nine sludge and soil samples collected on a 18.75-foot by
12.5-foot grid and an extended 37.5-fooy by 25-foot grid on
March 26, 1987.

3. River sediment sampling

a. One hundred and one bottom sediment samples collected along
fifteen traverses from November 11 to 14, 1986. Twenty-six
upstream and twenty-three downstream samples collected at 30-foot
intervals across six traverses extended the width of the river;
fifty-two near-plant samples collected at 20-foot intervals across
nine traverses half the width of the river

4. Soil boring program and sampling

a. Nine soil borings to a depth of 50 feet from March 18 to April 9,
1985

5. Monitoring well installation

a. Nine monitoring wells, MW-1 through MW-9, installed from March 18
to April 9, 1985

6. Monitoring well and site survey

7. Ground water level measurements and sampling (monitoring)

a. First quarter ground water monitoring, April 9 to 12, 1985

b. Second quarter ground water monitoring, July 30 to 31* 1985

c. Third quarter ground water monitoring, November 4 to 5, 1985

d. Fourth quarter ground water monitoring, January 28 to 30, 1986

e. Final quarter ground water monitoring, November 18 to 20, 1986

f. Limited ground water monitoring, January 27 to 29, 1987

g. Hater table measurements, July 17, 1986, September 29, 1986, and
February 25, 1987
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TABLE ES-2
(Continued)

8. Exploratory trench excavated through paved parking area on October 2,
1986.

F. Laboratory Program

1. Settlement lagoon and sludge pit samples

a. Sludge and soil sample composites and selected individual soil
samples

- Total constituent and E.P. toxicity cyanide, fluoride, nitrate,
17 metals, and HSL organic parameters

b. Test pit vertical composite samples

- Thirteen composites for E.P. toxicity cyanide, fluoride,
nitrate, and 14 metals

- Eleven composites for HSL organic parameters

c. Test pit samples

- Fifteen samples - Total constituent cyanide, fluoride, nitrate,
17 metals, and HSL organic parameters

- Five samples - X-ray diffraction

- Five samples - permeability testing

2. Swamp area sludge and underlying soils

a. Sludge and soil composites

- Total constituent and E.P. toxicity cyanide, fluoride, nitrate,
17 metals, and HSL organic parameters

b. Individual sludge and soil samples

- Two hundred and twenty samples for polychlorinated biphenyl
(PCB) analysis

3. River sediment samples

a. Thirty-six individual and five composite samples for total
chromium, hexavalent chromium, and PCBs

4* Soil boring samples

a. Twenty-seven soil samples for total constituent and E.P. toxicity
cyanide, fluoride, chromium, i ron, and manganese
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TABLE ES-2
(Continued)

5. Quarterly ground water monitoring samples - Nine monitoring wells «nd
two production wells

A. First quarter ground water monitoring, April 9 and 12, 1985

- HSL organic parameters (six wells only) and total and amenable
cyanide, fluoride, nitrate, and 14 metals

b. Second quarter ground water monitoring, July 30 and 31, 1985

- HSL organic parameters and total and amenable cyanide, fluoride,
nitrate, total and hexavalent chromium, iron, manganese,
selenium, and total organic carbon

c. Third quarter ground water monitoring, November 4 and 5, 1985

- PCBs (five wells only) and total and amenable cyanide, fluoride,
nitrate, total and hexavalent chromium, selenium, total organic
carbon, and total organic halogens

d. Fourth quarter ground water monitoring, January 28 to 30, 1986

- Total and amenable cyanide, fluoride, nitrate, total and
hexavalent chromium, selenium, total organic carbon, and total
organic halogens

e. Final quarter ground water monitoring, November 18 to 20, 1986

- HSL organic parameters (both production wells and upper zones in
monitoring wells), total and amenable cyanide, fluoride, and
nitrate, and 14 metals (both production wells and upper and
lower zones in monitoring wells)

f. Limited ground water monitoring, January 27 to 29, 1987

- Hexavalent chromium and mercury

G. Preparation of the RI/PS Report

1. Draft, Revision 0.0, Hay 1987
Draft, Revision 1.0, August 1987
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1.0 IV710DUCT10H

IT Corporation (IT) was contracted by AJICO Chemical Company (A£CO) to cor.suct
a Remedial Investigation (RI) a: :ht former Alsco-Anaconda NPL site hereir.
referred to ai the ARCO Cnadenhutten Ohio plan: site.

l.l SITE BACKGROUND INFORMATION
Cnadenhucten, a community of about 1,320 residents, is located in Tuscarawas
County, about 49 miles touth of Akron, Ohio. The former ARCO Altco plant, a
fully integrated mill product and extrusion facility that produces painted and
unpainted architectural aluminum building products, is Located within the
Cnadenhutten village limits on 23.6 acres along the flood plain of the
Tuscarawas Stiver (Figure 1-1). The present Alsco plant occupies 18.9 acres of
the original 23.6 acres excluding 4.'8 acres retained by ARCO (Figure 1-2).
Structures at the former AACO facility include an alueiinum^processing plant,

an office building, a security and scale house, a wastewater treatment' plant,
a sludge settling basin, and a sludge disposal pit (Figure 1-2). Water
resources upgradient and within one mile of the site include the Tuscarawas
River, and the Cnadenhutten municipal .well field. Several private water wells
are located approximately three quarters of a aile downgradient of the site
(Figure 1-1).

1.1'. 1 Site HistoryT :
During the period from 1965 to 1978* the settling basin and sludge pit were
used for the disposal of chromium- and cyanide-containing sludge* which
consists neatly of aluminum oxyhydroxides, calcium carbonate, calcium sulfate,
and water. As a'Ycfult of effluent overflow from the basin and plant
wastewater discharge, sludge is now located in a wooded marsh (swamp) areajry
adjacent to the settlement basin to this area. Because of a concern for the
potential contamination of water resources from the sludge leachate, the site
waa'proposed for inclusion on the National Priorities List (NPL) of sites
eligible for cleanup under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) in October 1984. The site
was formally placed on the NPL in June 1986. The chronology of the Alaco-
Anaconda NPL site ii summarized in Table 1-1.

t.

\
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In December 1986, ARCO told the Alsco plant to Pony Industries, Inc., a
subsidiary of Horsehead Industries, Inc., however, ARCO retained ownership of
the portions of the plant site that were used for sludge disposal and that are
included on the HPL. This approximately 4.8-acre area, including the settle-
•aot basin (impoundment), sludge pit, swamp, and adjacent land up to the
Tuacarawas River constitutes the Alsco-Anaconda NPL site as referred to in
this report (Figure 1-2). The Alsco-Anaconda NPL site is bounded by the
Tuscarawas River, the Penn-Ccntral Railroad right-of-way, the Alsco
manufacturing building and parking lot, and Anaconda Drive (County Road 39) on
the southwest, northwest, northeast, and southeast, respectively.

1.1.2 Regional Physiography, Geology, and Hydrogeology
Cnadenhutten is located in east-central Ohio within the unglaciated Kanawha
section of the Appalachian Plateaus physiographic province (Fenneman, 1946;
Coldthwait and others, 1967). The plant site occupies a portion of the
Tuscarawas River valley flood plain, which is about 1.5 miles wide and which
is relatively flat, with valley floor elevations from 820 to 850 feet above
•can sea level (NSL) in the vicinity of Cnadenhutten (Figure 1-1). Within a
two-mile radius of the site, peak elevations approach 1,250 feet above MSL.

Subsurface materials in the Tuscarawas River valley consist of unconsolidated
fluvial silt and sand deposits, along with glacial outwash sands, silts, and
gravels. This valley fill overlies relatively flat-lying sedimentary bedrock,
mostly shale and sandstone with minor beds of limestone and coal (Brownocker,
19^7; Lamborn, 1956), generally occurring greater than 160 feet below the site
surface. The surficial deposits of sand and gravel and bedrock formations of
shale, limestone, and coal are mined locally. Within a two-mile radius of the
site, there are several sand and gravel pits in the valley bottom and coal
strip mines in the valley sides.

The unconsolidated alluvial valley deposits fora extensive aquifers (Cummins,
1959) which are the principal water supplies for municipalities in the
valley. A regional water table map (Figure 1-3) based on available data from
the Ohio Department of Natural Resources (ODNR) shows that the water cable
configuration is a subdued expression of the topography, generally with a flat
surface interrupted by cones of depression in the valley and an irregular,
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, steep gradient leading to ground water divides through the uplands. Crousd
water flow from the uplands is toward the Tuscarawas River Valley. Ground
water flow in.the valley is generally southwestward (dovr.rivcr) except in the
general vicinities of municipalities such as Tuscarawas, Warwick,

Cnadenhutter., and Seventeen.
i

Kine 30-foot-deep ground water monitoring wells were installed at the Alice-
Anaconda NPL site to characterize the local ground water quality and flow
direction. The nine menitoring well borings each encountered the coarse
alluvial valley.deposits (mainly medium dense sands and fine gravels with sone
lenses of sand *nd silt as shown in Appendix C). One site production well
(PW-5) boring encountered similar materials to a depth of 159 feet (Ohio
Drilling Company, 1980). None of the site wells encountered bedrock. Water •
table measurements from these on-site wells indicate the local flow is
generally to the'southwest toward the Tuscarawas River, with the exception of
inward-radial flow proximal to Pumping Well PW-5.

1.2 NATURE AND EXTENT OP THE PROBLEM
Waste streams associated with the aluminum siding manufacturing process at the
ARCO facility included wastewater and a wastewater treatment sludge from the
conversion coating of aluminum forms as pretreatment for painting. This
sludge is a process waste' which is included In the Resource Conservation and
Recovery Act (RCRA) list of hazardous wastes (F019), because the sludge
contains chromium and cyanides.

Fi*-li

1.2.1 Current and Potential Situation .
During the period "from 1965 to 1978, the sludge was deposited on site mainly
in the settlement basin (impoundment) and sludge pit, where it accumulated co
present quantities. The impoundment*and sludge pic combined occupy
approximately four-tenths of an acre.' The depth of the*sludge in these
unlined excavations is approximately eight feet in the impoundment and seven
.fact in the sludge pit. The estimated total volume 'of sludge in both
•xcavations is 5,570 cubic yards. In 'addition, nearly 1.2 acres of the swamp
area adjacent to the impoundment are covered by sludge, with an average
thickness of about 1.7 feet. The estimated volume of sludge in the swamp is
3,280 cubic yards. Assuming an average density of 1,100 pounds per cubic

ftr*
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yard, th* total sludge volume of 8,850 cubic yards a: the Alsco-A.nacon<!a tf?l
lice would weigh nearly 4,368 tons.

The sludge consists mostly of aluoinus oxyhydroiides , calciua carbonate,
calcium sulfate, and water with lesser mounts of various other inorganic and
organic constituents. Trace component concentrations vary depending on
activities, processes, or sources that differed overtime. In addition to
cyanide and chromium, the sludge was found to contain several scher
potentially hazardous op*' coxic substances, including fluoride , nitrate ,

volatile organic compounds, and polychlorinated biphenyls (PCBs).

The nature of the -problems associated with these constituents depends on the1

environmental distribucion of hazardous chemicals and on the potential for the
migration of contaminants Co potential receptors* Because some of the sludge
is present in areas subject to flooding, the potential for mass movement
eiists. The Cnadenhutten municipal water supply derived from wells upgradient
from the site and not- the Tuscarawas River, therefore, potential impacts from
the unmitigated site are greatest for the Tusetrawas River biota, fishermen,
trappers, and others that nay contact the contaminated waste.

1.2.2 Historical Waste Management Practices
Prior to 1965, neutralised process wastewater was discharged directly to the
Tuscarawas River. Historical information indicates that wastewater discharge
froa' the aluminum conversion coating "graces* was approximately 400 gpm and had
suspended solids concentration of about 125 parts per million (pptn). The
suspended solids primarily consisted of sodium aluminate and aluminum
hydroxide, which were precipitated from etching process wastewater. The
sodium aluminate was derived froa the reaction of sodium hydroxide with the '
dissolved aluminum. Hexavalent .chromium was also present as neutral sodium
ehroaate. Sodiua chr ornate was formed by neutralization of chromic acid
residues present in the wastewater from, the chromic acid treatment of
alum num.

The settlement basin was completed in 1965 at the request of the State of Ohio
Department of Health and, during the* period from 1965 to late 1972, was used
to remove the settleable solids from the coating process wastewater. Prior to



00001631
1972, the aluminum pretreatment wastewater were discharged directly to the

Tuscarawas River under Industrial Waste Permit No. 1495.2 issued by the State
of Ohio Water Pollution Control Board.

Beginning in late 1972 or early 1973, Alsco began operating a chromium reduc-
tion vastewater treatment process that generated a metallic hydroxide sludge,
primarily consisted of aluminum hydroxide and trivalent chromium hydroxide,
plus calcium carbonate and calcium sulfate.

The precipitation of the metal hydroxide sludge took place in the settlement
basin and the clear overflow was discharged to the adjacent Tuscarawai River
under a National Pollutant Discharge Elimination System (NPDES) permit issued
in 1972. The wastewater entered the impoundment on the south side where the
larger and heavier particles were expected to settle. The clear overflow dis-
charged from the north side of the impoundment where the finer precipitates
were expected to settle. Periodically, as the settlement basin filled with
wastewater treatment sludge, a dragline was used to remove the sludge for
disposal in an adjacent sludge pit. The aluminum pretreatment wastevater was
treated in this manner until 1978, when a plate and frame filter press was
installed in the wastewater treatment building for the removal and dewatering
of sludge.

Since 1978, no solid wastes have been placed in the impoundment or sludge pit;
wastewater treatment sludges have bten mechanically dewatered on site and
shipped to an off-site facility for disposal. However, the treated wascewater
discharge route included the impoundment until October 1980, when the effluent
discharge was rerouted around the impoundment to the swamp, which drained to
the river. The treated process wastewater has been discharged to the
Tuscarawai River through an NPDES permitted outfall since 1972.

Prior Co 1978, when the settlement basin and sludge pit were an active part of
the wastewater treatment process, three chemical pretreatment lines con-
tributed to the system. Two of these lines were used to process aluminum coil
while the third line treated aluminum extrusions. The purpose of each pre-
treatment line was to prepare the aluminum for subsequent painting operations
by cleaning (etching) the metal and applying an amorphous chromate coating to
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enhance corrosion resistance and to provide a basis for paint adhesion.
following the pretreatment processes, the aluminum coils or extrusions were
transferred by lift truck to the painting operations located elsewhere in the
plant.

The etchants consisted primarily of sodium hydroxide and detergents. The
chromate coating solutions consisted of mixtures of hexavalent chromium as
chromic acid, hydrofluoric and nitric acids, and ferro-ferri cyanide which was
used as a catalyst (accelerator). The drag from the three pretreatment lines
contained small amounts of chromic, hydrofluoric, and nitric acids plus
cyanide as well as the reaction products from the conversion coating
process. The continuous overflows and periodic bath discharges froa the
pretreatment lines were routed into a drain system, which was isolated from
the general plant sewer system and which carried the waste effluent directly
to the wastewater treatment building.

In October 1986, the outflow from the wastewater treatment plant was rerouted
away from the swamp directly to a NPOES permitted outfall at the Tuscarawas
River to dry the swamp area. No standing water was present in the former
marsh area within one month following the diversion of the outfall.
Similarly, after the effluent was diverted to bypass the settlement lagoon in
1980, standing water was eliminated in the settlement lagoon and sludge pit.

1.3 REMEDIAL INVESTIGATION SUMMARY
The purpose of the Remedial Investigation (RI) was to determine the nature and
extent of contamination at the Altco-Anaconda NPL site and the potential
environmental impact of site conditions and contaminant migration.

RI activities for the Alsco-Anaconda NPL site have been conducted in
accordance with CERCLA and National Contingency Plan (NCP) (40 CFR 300)
guidelines and applicable U.S. Environmental Protection Agency (U.S. EPA) and
Ohio Environmental Protection Agency (OEPA) requirements. Several phases of
field activities, sample collection, and chemical constituent analyses were
planned and conducted during the period from March 19BS through January 1987
(Table 1-2). The project tasks were performed in accordance with Revision I >
and Addenda I and II of the RI Work Plan and Revisions I, II, or III of the
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Quality Assurance Project Plan (QAPP), documents which were prepared by IT for

ARCO and which were reviewed and approved by representatives of the U.S. EPA
Region V and the OEPA. These documents, together,.constitute the Work Plan as
referred to in this report.

The scope of th* RI for the Alsco-Anaconda NPL site consisted of the
following:

• Determine if ground water or surface water contamina- .
tion has occurred on site and/or off site as the result
of contaminant migration from the site and determine
the quality, concentration, and direction of
contaminant flow

• Identify any contaminated soil and/or sediment that may
be present on or adjacent to the site as the result of
migration from the site

• Identify specific contaminants posing acute or chronic
hazards to the public health, welfare, or the
environment

• Identify existing or potential pathways and receptors
of contaminant migration from the site which affect or
may pose a threat to the public health, welfare, or the
environment (Endangerment Assessment)

The data-gathering activities necessary to meet the RI Work Plan objectives
emphasized sampling of the following on-site and off-site matrices:

• Sludge pit and settlement lagoon wastes and underlying
soils

• Ground water

• Swamp area sludge and underlying soil

• Tuscarawas River sediments

Each medium was sampled from multiple source locations in accordance with the
Work Plan. Sample chain-of-custody procedures were followed from the time of
sample collection through analysis and archiving. Initial field investiga-
tions and laboratory studies were performed in accordance with the OEPA
approved March 1985, Revision I, Quality Assurance/Quality Control (QA/QC)
Plan. U.S. EPA Region V, assumed primacy for regulatory review of the RI/FS
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in February 1986 following the addition of the site to the National Priorities

List (NPL). The U.S. EPA conducted an audit of RI laboratory data in
April 1986 and ruled that the existing OEPA-approved QA/QC Plan did not meet
U.S. EPA requirements and future analyses had to be performed in accordance
with U.S. EPA Contract Laboratory Program (CLP) analytical procedures. The
original March 1985 QA/QC Plan had specified U.S. EPA approved Safe Drinking
Water Act and SW-8A6 laboratory procedures. As a result of the U.S. EPA audit
the July 1966 Revision II Quality Assurance Project Plan (QAPP) was generated
and final U.S. EPA approval of the QAPP was received November 7, 1986 (October
1986, Revision III, QAPP). All subsequent analyses were performed in
accordance with CLP laboratory procedures. Table 1-2 provides an outline of
the field investigation and analytical program.

The Alsco-Anaconda NPL site RI began with an initial site screening program
from March through May 1965 that involved the installation of nine monitoring
wells and the collection of borehole soil samples, ground water samples, and
sludge and underlying soil samples from the sludge settlement basin, the
sludge disposal pit, and the swamp area along the river bank that received
outflow from the settlement lagoon and other plant discharges. Representative
composite sludge and soil samples were analyzed for Hazardous Substance List
(USD organic compounds, cyanide, fluoridc, nitrate, hexavalent chromium,
total chromium, and other total metals a* well as teachable metals by the
Extraction Procedure Toxicity (E.P. Toxicity) test method. Ground waters were
monitored quarterly through January 1986 and again in November 1986 for HSL
organic compounds, cyanide, fluoride, nitrate, chromium, and selenium, plus
water levels, pU, temperature, and specific conductance.

Because PCBs were found in swamp sludge and soil samples and considering other
results from the first phase RI field and analytical tasks* the second phase
of sampling and analysis was planned. The second phase was conducted during
the period from November 1986 through January 1987 in order to repeat sampling
of the monitor wells, settlement lagoon, and sludge pit, to provide more
extensive coverage in the swamp area, and to include sediment sampling from
the Tuscarawas River. The ground water, sludge, and soil samples were
analyzed for identical parameters tested in the first phase, except the swamp
samples and the river sediments were analyzed only for PCBs, total chromium,
and hexavalent chromium.
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The major findings of the RI are that the ground water is not adversely
affected, the sludges impounded on site are not toxic by leaching, and no
adverse impact on the Tuscarawas River was found. However, the sludge samples
from the southern segment of the settlement lagoon contained volatile organic
contaminants. Furthermore, the swamp area sludge present a potential hazard
because PCB concentrations range up to 3,000 milligrams per kilogram (ng/kg)
and this area is within the 100-year flood plain.

1.4 REMEDIAL INVESTIGATION REPORT OVERVIEW

This report has been prepared to document the activities that were undertaken
by IT in order to meet the objectives of the RI. The format of the RI report
follows the outlines presented in the U.S. EPA documents EPA/540/C-85/002,
"Guidance on Remedial Investigations under CERCLA" (U.S. EPA, 1985b), and
EPA/540/C-85/003, "Guidance on Feasibility Studies under CERCLA" (U.S. EPA,
1985c).

In addition to the Executive Summary, the report comprises eight chapters,
references, tables, figures, and three appendices. A brief outline of the
subsequent chapters and their contents follows:

* Chapter 2.0 - Site Features Investigation: Information
presented on socioeconomics, regional physiography and
hydrogeology, climatology, land use, and natural
resources that are relevant to the RI

* Chapter 3.0 - Hazardous Substances Investigation:
Description of waste quantities and distribution and of
waste component characteristics and environmental
behavior

* Chapter 4.0 - Hydrogeologic Investigations: Discussion
of site-specific physical and chemical characteristics
of soils, geology, and ground water

• Chapter 5.0 - Surface water Investigation:
Presentation of general and site-specific data on
drainage patterns and Tuscarawas River hydrology and
chemical quality of water and river bottom sediments

• Chapter 6.0 - Air Investigation: General information
on extreme and prevailing wind conditions plus airborne
contaminant characterization (

• Chapter 7.0 - Biota Investigations: Survey of flora
and fauna* critical habitats, land and water use, and
biocontamination potential in vicinity of the site
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• Chapter 8.0 - Public Health and Environmental
Concerns: Endangerment assessment considering
potential receptors* public health, and environmental
impact

The contents of the chapters are limited to the features that are useful in
characterizing site problems and potential environmental impacts.
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2.1 IimtODUCTION - .
' The village of Cnadenhutten is located within Clay Township in tuscarawas

County, Ohio. Cnadenhutten has a population of less than 1,400 and • .
. inhabitants are employed in nearby mining, manufacturing, and agricultural
.industries. Both land and water resources are use,d by individuals'"and" local
industries. Natural resource development activities include farming, mining
of.coal, clay, sand and gravel, and drilling of gas and oil yells. The.
Tuscarawas River is used for recreation as well as for industrial and ' .- '

• agricultural' water supplies. Ground water provides municipal, .domestic, and
industrial water supplies. The following sections are a more detailed
description of important features of Cnadenhutten and vicinity.

2.2 DEMOGRAPHY ' .
According to the 1980 census, the village of Cnadenhutten has a population of,
1,320 (Bureau of the Census, 1980). This is a ten percent decrease from the .
1970 figures. Census tract data are not available for such small villages;
therefore, specific age distributions, occupations, and incomes are nbt
available. A discussion with th*e mayor of Cnaderthutten (Miller, March. 31,

* • • -• 1987) revealed that a Higher than average percentage of-the inhabitants is
over the age of 55. Mr. Miller also indicated that most of the working

* -population is employed at the two manufacturing plants in Cnadenhutten (Alsco
V_ a n d Tusco Manufacturing Company) or else in industries situated approximately^.

10 joiles north in New Philadelphia. Local clay mines have largely been, \\
. closed, no longer employing local residents, and farming is. a minor full-time
occupation, --two local sand and gravel companies are still in operation, but
theyhave only a few employees in.Cnadenhutten.

2.3 CLIMATOLOGY •
Ohio's climate is characterized by'moderate extremes of heat and celd, wetness
and dryness (National Oceanic and Atmospheric Administration [KOAAj, 1978).

, The normal ann'ual temperature for the* state of Ohio ranges between 48 degrees • ,
Fahrenheit and 57 degrees Fahrenheit. Tuscarawas County has a ve*o annual
temperature of approximately 53 degree* Fahrenheit, wiota average monthly
temperatures ranging from approximately 31 to 74.5 degrees Fahrenheit

2-1
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(aeasured near Coshocton, Ohio) (Ohio 2e?art9«r.t if natural Resources [
1968).

Mean «nnual precipitation in Tuscarawat County is 39 inches (COS"R, 1968), with
February and October having the least precipitation and May, June. July, ar.i

August having the greatest.

The prevailing wind direction for Akron (which is the closest area to the site
with historic records) is south at approximately ten siies per hour (NOAA,
1978). Severe weather in Ohio typically occurs as thunderstorms or tornadoes,
with 90 percent of the tornadoes approaching fror. the southwest or west.

As the, village of Cnadenhutten is immediately adjacent to the Tuscarawas
River, flooding is a concern. In this portion of Ohio, two different types of
norms produce flooding (ODKR, 1968). • The firs: is a eonvectional thunder-
storm occurring between late spring; and early fall. It noraally covers only a
small area. The other type of storm occurs in the winter and covers a large
area witR heavy rainfall for days ac a time. The worst flood on record in
this area occurred in March 1913. There are no flood levels recorded for the
1913 flood in Cnadenhutten, but .data from other floods, such as the 1969
flood, indicate Chat normal flooding, would not necessarily reach the level of
the AL sco-Anaconda NPL site or the village of Cnadenhutten. However, as shown
in Figure 1-2, 100-year flood levels would reach the elevation of the Alsco-
Anaconda NPL site (estimated 100-year flood level is '827 feet mean sea level
[MSI] ((Anny) Corps of Engineers, 1973). *

2.4 LAND USE .

2.4.1 Regional Land Use
Tuscarawas County, which includes the town of Cnadenhutten, is largely
developed for agriculture. In 1964, approximately 200,000 acres were used for
farming and constituted 57 percent of the total land area of the county
(ODKR, 1968). Farms are concentrated tiainly in the floodplain areas. *
Agricultural products include dairy products, cattle, poultry, bogs, truck

* Icrops and fruit, corn, wheat, soybeans, sheep and wool, oats, «nd hay.
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The mining industry exploits the Pennsylvania Poctsville sedimentary rock
units and unconsolidated Pleistocene glacial valley fill deposits. In 1965,
2,960 tons of coal per year were removed from Tuscarawas County, 449 tons of
sand, 513 toos of gravel, 57 tons of crushed sandstone, 39 tons of limestone,
738 tons of clay, and 227 tons of shale (ODNR, 1968).

la 1965, oil and gas wells completed in all of Tuscarawas County for that year
accounted for only a little over one percent of the state's total production
wells. Petroleum exploration activities have varied over tine with a
resurgence in the early 1970s, and then a decline in the early 1980s. In the
past 12 to 18 months, additional producing oil and gas veils have been drilled
in the vicinity of Cnadcnhutten (Figure 1-1) and are currently in operation.

2.4.2 Local Land Use
In the village of Cnadenhutten, most of the agriculture consists of subsis-
tence or additional-income farming, not sole-source income farming. The two
main commercial facilities in the village arc the Alsco plant, which employs
upward to 350 people, and the Tusca Manufacturing Company, which employs
approximately 100 people and produces steel products such as shelving, boat
seats, and other items. Local clay mining companies, which had employed local
residents, are now closed. Two sand and gravel companies are still in
operation: Stocker Sand and Gravel Company and Hrightman Sand and Gravel
Company.

2.5 NATURAL RESOURCES

2.5.1 Land Resources
In Ohio, units belonging to the Pennsylvanian system generally crop out in
39 counties (Lanborn, 1956). Pennsylvanian units in the Appalachian basin
generally consist of intcrbcdded units of sandstone, shale, clay, limestone,
and coal. In Tuscarawas County, bedrock exposed at the surface is all of
Pennsylvanian Age. The strata have a thickness of about 650 feet (Lamborn,
1956).

In Clay Township, which includes Gnadenhutten village, the Brookville, Lower
Freeport, Lower Kittanning, Middle Kittanning, and Upper Freeport coals are

2-3
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exposed. Of thtte coals, only the Lowtr rittar.ning coal, which was fsraer.y
•ined, and the Middle Kittar.ning coal, wtiich is presently aired, are eear.seic
sources of coal. The Middle Kittar.ning csal has beer, aired in and r.ear
Cnadenhutten in the past, a* evidenced by abandoned strip ainei within a :wo-
•ile radius of the site (Figure 1-1).

Of the various clay uni:» in this vicinity, the Lower Kittinning and
Brookville clays have been wined for utilisation in local plants. These
abandoned clay sining operations are still located on the U.S. Geological
Survey (USCS) Cnader.nutten topographic aap (USCS, 1962, photo revised 1973)
and are partially show- iri Figure 1-1.

In some areas of the township, surficial sand and gravel deposits are also

niried, such as those Dined by Hrightnan Sand and Gravel Company and Stpcker
Sand and Gravel Company, which' is currently -in operation about 0.5 niie from

the Alsco-Anaconda NPL. site. - •

Oil- and gas wells have been drilled into the- Berea and Orisicany sands near
Cnadenhutten. Very little oil and gas was discovered in these units

(Lanborn, 1956); However, the Clinton sandstone, located approximately
5,050 feet below land surface, is a much better source of oil and gas (Burgess
and Ni'ple, 1984), and available logs indicate oil and gas wells near
Cnadenhutten are completed in the Clinton Sandstone at an average depth of
5,060 feet. According to the aayor of Cnedenhutten, there has been successful
drilling activity over the past 12 to 18 months. There is currently no

information to indicate to what depth these wells .-were drilled.

2.5.2 Mater Resources
The Tuscarawas River flows immediately adjacent to the Alsco-Anaconda NPL site
and forms the southwest Cnadenhutten village limit. The TuscaraiUs i-s not on
Ohio's Scenic Eiveri list (ODNR, April, 1985)', it it classified as a warm
water habitat and it used for recreation, such as fishing, boating, and
•winning. The river is also utilited as an agricultural and industrial water
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village of Cneder.fiuttea does not, however, use the 7-Jicarawas *;ver *s «

drinking water supply. Instead, aost of the local water ii obtained .fros
•unicipal water veils or several private jround water wells (Apper.dvi C).

Ground water resources in Tuscarawai Cour.ty are best i«vele?td in the
Tuscarawas River Valley, where the wells v;eld an average cf 300 fpe. Outside
of the buried river valley ledisents, yields are norrually 5 to 25 jpo (ODS3,
1968.) Therefore, Cnader.hutten is ideally located :o satte use of local jrcur.i

water resources.
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3.1 IHTRODUCTIOH
Tb« 1Z field and analytical prcjraa esphasiied the collectieiT trifler.a'.ysii of
^tavironmental »edia potentially containing HSL and Safe Drinkloa> Vettr Act
£SDWA) cheaical constituents. The seaisolid waste sludge in the northern ar.d
southern, impoundner.t areas (settlement basin), sludge pit* and swasp- areas

(Figure 1-2) was collected =r; three different occasions in anticipation of
finding SOWA inorganic chemical* including hextvaient chrocium, cyanide,
fluorlde, and nitrate, which•result froa aluminum anodizing processes in the
painting operations. The impoundment and sludge pit were also considered as
potential receptacles far improperly disposed paints and associated solvents
containing HSL organic compounds.

Migration routes for the potential sludge contaminants include airborne

particulates and volatile*, surface water runoff, and ground water flow.
Volatile and soluble constituents would tend toward depletion from the sludge
as they migrated into the surrounding environment. Of the different migration
routes, both surface and ground water transport pertain to the waste and site
condicions such that the sludges have been in place, open to the atmosphere
and/or below the vater table, for nearly a decade. Because any airborne*
materials would disperse relatively quickly and widely compared' with water and*
sediment-bound materials, the environmental media considered for the RI
include the sludge, undersoil-, ground water, and river sediments.

i
3.2 WASTE TYPES
't/ast'e streams associated with the aluminum siding manufacturing process at the
Alsco facility included wastewater and wastewater treatment sludge from the
conversion coating of aluminum forms as pretreatment for painting.- This»
sludge is a process waste which is included in the RCRA list of harardous
wastes (F019),, because the sludge contains chromium and cyanide.

Prior to 1965, neutralized process wastewater was discharged directly to the
Tuscarawas River. Historical information indicates that wastewater discharge
from the aluminum conversion coating process was approximately 400 gpm and had
a suspended sol ids concent rat ion of about 125 ppm'. The suspended solids

\
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primarily consisted of sodiua aluair.Ate And »l̂ =ir,--a hydroxide, wruc:-. were

precipitAted froo etching process wtsieviter. The ssdius Aluainatt was
derived fro* the reaction of sodiua hydroxide with the dissolved alua;r.ua.
Hexavalent chroniua WAS also present is neutral scdius chrosate. Sodiua
chroeate WAS formed by neutrAlizaticn of chrsaic Acid residues present in the
wAftewAter from the chrosic Acid treatrrsnt of 4 1 us i rv.is: .

The »ettlement--feAsin WAS completed in 1965 At the request of the StAte of Ohio
DepArtment of Health And, during the period frorr 1965 to late 1972, WAS used
to remove the settleAble solids from the coAtir.g process vAStevAter. Prior to
1972, the Aluminum pretreatmer.t wAstevater was discharged directly to the .
TUSCATAWAS River under Industrial Waste Permit Ho. 1495.2 issued by. the StAte
of Ohio WAter Pollution Control BoArd. .*

Beginning ir. lAte 1972 or early 1973, Alsco begar. operAting A chromium
reduction wAstewAter treatment process that generated A netAllic hydroxide

V '

sludge. The existing -impoundment was converted into a sedieentAtion bASin for
removal of the metAllic hydroxide sludge from the process wAitewAter. The
netAllic hydroxide sludge primarily consisted of Aluainura hydroxide And
trivalent chromium hydroxide, plus calciua carbonate And cAlcium sulfAte.

The wAstewAter creAtmenc operation that generated the sludge WAS A typical
chromium reduction process: the pH of the vAst«water was lowered to 2,5,
sulfur dioride gas WAS added to reduce the heiavalent chromium to the
trivalent form, then the pH WAS raised to 3.5 through the addition of a lime
slurry. The trivAlent chromium was then precipitated out of solution via the
following reACtlon:

The. precipitation of the met A! hydroxide sludge took place in the settlement
lagoon' and the clear overflow was discharged to -he adjacent Tuscarawas River
under a NPDCS permit. The wastewater entered the impoundment on the south

side where the larger and heivier particles ver<- expected to settle. The
clear overflow discharged from the north side of the impoundment where the
finer precipitates were expected to settle. As the settlement basin filled

3-:
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with vastewatcr treatment sludge, a d r a g l i n e was -sed ts rescve :he il~dge for
disposal in an adjacent sludge p i t . Alses treated its alusir.us pretreitaer.t
vasttvater in this sanner until 1978. Since 1972, vaitewater treat=er.t ,
sludges have been r.ecnanicaily dewatered on site using a fi'.tcr preai ar.cl
shipped tc an off-site facility for disposal. No solid waites have beer,
placed in the impoundment or sludge pit since 19"S. However, the treated
vastevater discharge route included the impoundment until October 1930, when
che effluent discharge was rerouted around the impsur.dr.er.t to the swamp, which
drained to the river. The treated process wastewater has beer, discharged to
the Tuscarawas River through an NPDES permitted outfall since 1972.

Prior to 1978, when the settlement basin and sludge pit were an active part of
the wistewater treatment process, three chemical pretreatment lines con-
tributed to the system. Two of these lines were used to process aluminum coil
while the third line treated aluminum extrusions. The purpose of each pre-

treatment line was to prepare the*aluminum for subsequent painting operations
by cleaning the metal and applying the amorphous chromate coating to enhance
corrosion resistance and to provide a basis for paint adhesion. Following the
pretreattnent processes, the aluminum coils or extrusions were transferred by

life truck to the painting operations located elsewhere in the plant.

The two aluminum pr'etreatment lines each consisted of five stages

• Stage 1 - Caustic Etch ' •
• Stage 2 - Water Rinse • '
• Stage 3 - Chromate Solution Treatment
• Stage 4 - Water Rinse
• Stage 5 - Acidulated Water Rinse.

The extrusion pretreatment line consisted of the following stages

• Stage 1 - Caustic Cleaning
• Stage 2 -• Water Rinse '
• Stag* 3 - Phosphoric Aci'd Deoxidizing

Stage A - Chromate Solution Treatment
• Stage 5 - Water Rinse - '
• Stage 6 - Water Rinse.

The chemicals used in these treatment lines were the Alodine 1200E system1 for
coils and the Alodine 407-47 sys:em for extrusions, both products of the

Amcnem Corporation.
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Tht etchants consisted primarily of ssdiua hydrsxide and de:erger>:s. The
chromate coating aol.utions consisted af siitures of hexavalent chrwsiua 12 the
fora of a chronic acid, hydrofluoric and nitric acids, and ftrra-firri cyanide*
which .was used as a catalyst (accelerator). The overflows fro« the lice*
contained s~.aH amounts of these chemicals as veil as the reaction products

frocj the conversion coating treatment.

The continuous overflows and period:; bath discharges frore the above three
pretreatment lines, drained into a sewer' sys'.er isolated from the general plar.t
drain systea. This isolated drain-system carried the waste effluent directly
Co the wastevacer treatment building. In October 1986, the outflow from rhe
wastewater treataent plant was rerouted away from the swanp directly to a
NPDES permitted outfall at the Tuscarawas River in order to dry out the swamp
area. Standing water was not present in the former marsh area within one
month following the diversion of the Outfall. Similarly, after the effluent
was diverted to bypass the 'settlement lagoon in 1980, standing water waj
eliminated in the settlement lagoon and sludge'pit.

3.2.1 ' Waste Distribution and Quantities- ,? '
Until 1973, when the wastewater treatment plant was fitted with a. sludge-
•dewatering filter p.ress, the metallic sludge was deposited on site, mainly in
the settlement basin and sludge pit, wherer the sludge accumulated to present -
quantities. The impoundment and.sludge pic combined occupy approximately

»
four-tenths' of'an acre. The depth af the sludge in these unlined excavations
is approximately eight feet in the lagoon and seven feet in the sludge pit
(Table 3-1). The estimated total volume of sludge in both-excavations is
5,570 cubic yards. In addition, nearly 1.5 acres of the-swamp area adjacent •

to the lagoon are covered by sludge* with an average thickness of about• ' i
1.7 feet. The estimated volume of sludge in the swamp is'3,280 cubic yards.
Figure 3-1- shows the approximate thickness of sludge over the Alsco-Anaconda
MPL site-. Assuming an average density of- 1,100 pounds per cubic yard, the
total aludge volume of 8,850 cubic yards'-at the Alsco-Anaconda KPL site would
weigh nearly 6,8*68 tons.

• * •
•Due to concern'chat waste-filled drums may have been buried in the past under
the currently paved companv parking lot, an investigation of this area was
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undertaken. On October 2, 1965, an epproxiaateiy 90-53ot-loag exploritsry

trtr.ch was computed through .the Alsco parking lot. Representatives
U.S. EPA, OE?A'( ARCO, and IT witnessed the excavation. Ko buried druss or
waste sludges were found, r.or were any organic vapors detected. Ho further
investigation of this area was considered to be necessary.

3.2.2 Sludg_e__S_aiBpIiri8 ar̂ d Analysis
The distribution and quantities of sludge in the impoundments and the swarp
area were determined from field investigations and sludge sampling conducted

to evaluate the composition and extent 'of contamination of the sludge and
undersoil. The sludge and undersoil sampling wa« cerforaed according to the
following schedule at the locations shown in Figure 3-1:

• Sludge Pit
- April- 1985: Test pits TP-1 through TP-5
- November 1986: Auger, sample locations S-l through S-4 f
- January 1987: Auger sample locations S-l through S-5

V Settlement Basin
- Apr^il' 1985: Test pits TP-6 through TP-13
- November 1986: Auger sample locations S-l through S-6
- January 1987: 'Auger sample locations S-l through S-6

Swamp Area
*

- April 1985: Forty samples on 75-by-50-foot grid

- November 1986

- January. 1987

- March 1987:

One hundred and forty sample* on
37.5-by-25-£6ot grid

\ .One hundred and forty samples on
37.5-byr25-foot grid, ,

Forty-eight samples on 37.5-by-25 and
18.75-by-12.5-foot grid -

3.2.2.1 Sludge Sampling and Analysis - April '1985 ' .

Impoundment and Sludge Pit
Sludge and underlying soils were sampled within the impoundment and sludge pit
by test pit excavations using a backhoe. The March 1985 ftl Work Plan
originally specif ied .the excavation of eight test pits within\thc impoundment

and six test pits within the sludge pit. Because it was believed at the time
'that the s.ludge was stratified into four discrete Layers* a .total of 56 sludge

3-S
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tuples (four staples ptr ces: p i t ) ar.d 1* underlying soil samples (s.ie s&sple

.per test pic) were to be c o l l e c t e d .

However, several charges were =ad- to the sludge saaplir.g plan for the
impoundment and sludge pit based en field conditions. Changes were &ade to
che location of the test pits (as originally shown in Figure 3-2 of che March
1985, RI Work Plan)'due to the limitations of the topography around the
impoundment and sludge pit upon bacithoe access for ces: pit excavation
(Figure 3-2). As a result five :es: pits, instead of che original six, were
excavated .in che sludge pic.

•Although the sludge was 'found to be stratified as originally stated in the
work plan, in most cases, four discrete*sludge layers could not be identified
in che field. Samples were taken whenever changes., in che sludge could be
recognized and, as a result, a 'total of 27 sludge samples (eight from the'
northern -impoundment area, nine from the southern impoundment area, and ten
from the sludge pic) and 20 underlying soil samples, (13 from che impoundment
areas,, and seven from the sludge pit) were collected*

One undisturbed Shelby tube sample of sludge from both .che northern
impoundment area and che sludge pic were collected along with Shelby Cube
samples of che underlying soils in che northern and southern impoundment areas
and che sludge pit. The Shelby Cube samples-were collected for permeability
testing.

three 'sludge composite samples were prepared from equal portions of che sludge
samples for laboratory analysis Co determine the parameters of concern in che
sludge. One composite was generated from che ten sludge samples collected
from che sludge pic; one composite from che eight samples collected from che
northern segment of Che impoundment; and one composite from che nine sludge
saaples collected from che southern segment of the impoundment. The three
composite samples were analysed for total constituents, U.S. EPA Extraction
Procedure (E.P.) Toxicicy Tesc Method Uachate constituents, and U.S. CPA CLP
HSL organic compounds as described in Table 3-2 in accordance with che work
plan. Soluble or excraccable fluoride was determined in lieu of total
fl'uoride due to the nature of the analysis*, since naturally occurring
mineralogical fluoride is not extracted by the analysis*

3-6
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Because four' stratified layers could r.s: be identified in the sludge during
field operations and saaple collection, 13 vertical sludge ::=posite sasplei
were generated; one from each of the test-pits excavated := the sludge pit ar.d
settleaenc lagoon as shown in -Figure 3-2. The vertical sludge coeposites were
leached by the E.P. Toxicity Test Method ar.d the resulting leaehatc was
analyzed for the sane parameters as described above far the three sludge
composite leachates (Table 3-2).

Based on the results of the three sludge composites and E.P. toxicity on the
'trtieal sludge esaposites, seiected individual sludge t aspics from test pits
TP-l through TP-l3 were analyzed for the following identified parameters of
concern:

• Cyanide, Aner.able
• Cyanide, Total
• Fluoride
• Chromium, Kexayalent•
• Iron
• Manganese . •
• Silver.

The physical characteristics of the 13 vertical sludge composites, as they
relate to handling and stabilization characteristics, were determined from
moisture content determinations and qualitative liquid limit analyses.

One undisturbed sample of sludge from both the sludg* pit and the northern
segment of the settlement lagoon were used to determine sludge permeability in
accordance with the work plan. An undisturbed sludge lampfe from the southern
segment of the settlement lagoon was not available for permeability testing.
The sources of the/undisturbed sludge samples used for permeability testing
are as follows: . '

• Te«t Pit No. 5, 1 to 3.5 foot depth, s'.udge pit

• Test Pit Mo. 7, 0.5 to 3.0 foot depth, northern segment •
- . of the impoundment-

In addition to the analysis of the three sludge composites, a subsurface water

sample was aollected from Test Pit Ho', lit thre* feet below the ,sludge '
surface. This water was analyzed for total chromium to be used •• an
indicator for chromium concentrations in the sludg* '.eachate.
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two toil composite saaples were prepared frca equal portions cf the soil
samples -.fjr analysis in the laboratory :o derersir-.e the fuse' parameters as
described Above 'for the sludge composite saapiei (Table 3-2). Or.t composite
w«s generated froo the 7 soil sanpl.es underlying the sludge in the sludge pit^
and. one composite was generated from the 13 soil samples underlying the sludge
in both the northern ar.d southern segments of the settlement lagoon. As
previously discussed, the number and location of the above soil 'samples is at
variance with the RI Revision I Work Plan due to access restrictions around
the sludge pit and settlement lagoon. Soil saspies were collected whenever

* '
changes in physical consistency were observed.

Three undisturbed soil 'iniples, each representing the respective underlying
soil from the sludge pit and the northern and southern segments o£ the
i a pound men t , were used 'fo* permeability testing:

• Soil betwesr. Test Pit Ncs. 2 and .3, 7.5 foot depth,
sludge pit

« Test Pit No. 7, 7.1 foot depth, northern segment of the
. impoundment

:'v • Test Pit :io. 11, 6.0 foot depth, souther segment of the
impoundment .

Swamp Area • '
At the- request of OEPA, an additional sampling area was required outside the"

r
impoundment area as* depicted in Figure 3-2. The swamp sludge was observed in

^
the field byOEPA, ARCO, and IT personnel; the sludge was visible in an area
downgradient of the, former impoundment discharge weir.

The sampling plan developed for this area included a 50-by-75-foot sampling
grid, which was laid out in the field to establish sampling locations. A
total of'22 points were sampled using a hand auger. At each sampling
location, saaplcs of sludge material as well as underlying soils were
collected. A total of 22 sludge samples and 18 underlying soil samples were
obtained from this area.

Sludge and soil samples were collected at the request of OEPA froei the swamp

area, downgradienc of th'e former settlement lagoon discharge weir. One s

3-3
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composite and one underlying soil composite were generated frsa eq^al pcrtiar.i
•of c'ach respective, sludge and >sil sample .collected froa the swasp area vith
the following exceptions: sample areas 9-2,0, B-4,0 and B-4,1 do aot contain
a sludge layer and accordingly were excluded fro= the sludge cocpositc.
Pursuant to the Hay 24, 1985 Addendum to the R! 2evi»ion I Work Plan, the two
composites were analyzed in accordance with the prograa defined in Table 3-2v
for the sludge and soil composites collected fros the impoundment and sludge

pit. Initially no organic analyses were to be performed (May 24, 19B5
Addendum I) but subsequent CEPA modifications to the work plan added EPA CLP
HSL organic compounds to the sludge and soil composite programs. A summary of
the swamp area analytical program i.s presented in Table 3-2.

Additionally, based upon the findi'ng of PCBs in the swamp area sludge and soil
composite samples, a phased PC8 analysis.program was implemented for this
area. Selected yidividual sludge and soil samplers were analyzed for PCBs.
Due to the presence of PCBs in both the soil and sludge composite,- the
remaining individual samples were analyzed for PCBs with the exception of soil
samples B-4,0 and B-4,1 which were withheld from analysis. Soil Samples^ B-4,0
and B-4,1 were not analyzed for PCBs because these sampling locations were not
overlain with sludge as the other swamp sampling locations. Considering the
PCB analytical results, PCS contamination in the swamp area appeared to be'
restricted to the surface sludge.t ' ' . ••

3.2.2.2 Sludge Sampling and Analysis - November 1986 1

Impoundment and Sludge Pit
To respond to the U.S. EPA and IT laboratory"audit findings, IT resampled and• t »
analyzed the sludge and underlying soil in the impoundment and sludge pit to
confirm the previously generated analytical data and to satisfy U.S. EPA
concerns regarding the accuracy' of portions of the analytical data.
Additional borings verc drilled using a hand auger in the.northern and"
southern segments of the impoundment and the sludge pit for a total of 10
borings as,follows:

• Northern segment of the impoundment; three borings
• Southern segment of the impoundment; three borings
• Sludge pit; four borings'. .•

j-n
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"Tht locations of the borings are presented in Figure 3-2. The boring ana
prtvious test pie locationi varied because the iapouadaer.c and sludge ?i:
could not support heavy excavation equipment ar.d cquipacr.t access to the
p«ri»«t€r of the impoundment ard sludge pit was Halted-.

Af observed during previous field investigations , the sludge was ss^etiaes

stratified and saaples were accordingly collected at two-foot intervals and
whenever changes in the sludge r-aterial were observed during boring. Samples
of the underlying soils in each boring were also collected and the dimensions
and depth of the sludge in each impoundment were recorded.

The following samples of sludge and soil were collected from the impoundment
and sludge pit:

»

• Northern Impoundment Area " .
'- Sample Location S-l: S sludge and 2 soil samples
- Sample Location S-2: 5 slud.ge and 2 soil samples
- Sample Location S-3.:' 2 sludge and 2 soil samples

• 'Southern lapoundraent Are*
- -Sample Location S-4: 3 sludge and 1 soil «ample
- Sample Location-1 S-5: 5 sludge and I toil sample
- Sample Location S-6: 5 sludge and 2 soil samples*

• Sludge Pit . ' • .
- Sample Location S-l: 3 sludge and 1 soil sample
- Sample Location S-2: 5 sludge and 1 soil sample ,
-•Sample Location S-3: ' 6 sludge and 1 soil sample ^ •
- Sample Location S-6: 5 sludge and 2 soil samples

Equal portions' of .the sludge samples were separately composited for the
northern and southern portions of the impoundment and the sludge pit as
follows: ' •

* Sludge Composite No. 1 - All sludge samples collected
in the three borings in the northern segment of the
impoundment .

• Sludge Composite No.* 2 - All sludge samples collected
in the three borings or test pits in the southern
segment of the impoundment

Sludge Composite Ho. 3 - All sludge samples collected
in the'four borings in the -sludge pit.

3-10 '
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Equal porcions of the underlying sails in the ispcur.dser.t and the sludge pic
'wtre separately cooposited :o generate a tstal of three toil csaposites as
followi: . . .

• Soil Composite Vs. 1 - All underlying soil seapies
„ collected from the three borings in the northern

segment of the irpo

• Soil Composite No. 2 - All underlying soil staples
. .- 4 collected from the three borings in the southern

segmentvOf the impoundment

• Soil Composite No. 3 - All underlying soil samples
collected from the four borings in the sludge pit.

Sludge and soil cooposites were analysed for the following parameters:

• pH (1:1)
• Cyanide, total
• Fluoride , total
• Nitrite, water teachable
• Aluminum
• Arsenic
• Ba r i urn
• Cadmium •
• Chromium, hexavalent
• Chromium, total
• Iron
• Copper
• Lead'
• Manganese

Mercury *
• Selenium
• Silver
• Zinc. •

The E.P. Toxicity Test Method was also perforated on the sludge and underlying
•oil coa£oftites. Tb* E.P. toxicity l«ach«t«s i«D«r*t«d w«r« Analyted for the
above par«jMt«rfl. •

A vertical sludge'composite was generated from equal portions of the
individual samples collected from each of the ten'borings in the impoundment
end sludge pit (three borings each in the northern and southern impoundment.
areas end four borings in the sludge pit). The ten vertical sludge eoaposites
generated in th-is manner w«re analyzed for the.KSL organic compounds in
accordance with the QAPP. The underlying soil samples from each of the three
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Borings in the. southern .segoer.i of :*
analysed for HSL organic ec=?o-r.ds.
vsi also determined to allow repcr::-

rsu.-.dsent were also if.d: visual 1-y
scist^re csr.tent = £ each :;x?ci.:c
* sry-v«:t,h: basis.

Swag? Area »
A sore extensive sasplirj and ar.aly?;: srcgras was tarried out in t^e
area to better define the levels and area! extent of pelycalerinated bipheny'.s
(?C3s). The previous saapling plar. d*ve**3ptc for t^.i-a area includes a
50-ijy-75-foct saraplir.g grid syi:en;f which- was laid cut ir. the field ta

establish sampling locations. At eac>. grid node, individual samples of the
surface sludge Biaterial and the underlying toil were collected -sing a har.d
auger. A total of 22 sludge, samples 'and 18 underlying soil samples were
obtained frets this area.

The November 1-926 sampling plan luperiapoaed a smaller 25-by-37.S-foot grid
spacing over the previously used 50-by-75-.foot grid systea in area* where high
PC3s concentrations were known*or expected to exist to further refine eiiiting

inforTsation (Figures 3-2 and 3-3). Saaplts of the sludge and underlying soils
v*re collected at each grid node including grid nodes saapled during the*
previous investigation. The original jrid spacing syitea was used in areas
expected to exhibit lev or nonexistent ?CB concentrations. Samples collected
on the original grid spacing were analysed first. When PCBs were found in
expected low concentration arsas, the smaller grid spacing samples were
subsequently analyzed. Additionally, tht grid sys*:en was extended to the
southrsoutheast between the fenced plant peritseter and the Tuscarawas River.
The area south-southeast of the existing grid systsai borders some of che
highest concentrations of PCBs found,'and stapling of this area was necessary
to determine whether PCBs exist south-southeast of the previously sampled-
area. The i-awplinf grid system was also extended to the river bank in an
attupt to d«t«rs»ine whether PCBs may have been transported to the river. All

aodet w*r« «L«o •••pled to generate sludge and underlying soil coaposites

l che»ittry, metals, end E.F. toxicitv testing.

The sampling grid system and sampling locaticns ir> presented in Figures 3-2
and 3-3. Sevency-nine stmpling locations (ftrid -M:<iei) were ett«bli»hed in

mber '. T86 for the collection of *iudne nrd 'ir-.-i-r 1 v: nj soil samples.



.Stapling locations were identified in the field with sarttrs to facilitate
later remedial activities.

00001654 |. fc

Saxples of the sludge and underlyir.j ssil were collected at each (rid node
using « hand auger. A single representative sample of the entire vertical
thickness of the sludge at each grid node (sa^plir.g location) wai collected.
The underlying soil samples were collected-frca the 3- to 12-inch tone below
the sludge. A total of 61 sludge samples and ?9 soil samples were collected
frora 79 sampling locations for ?C3 and sludge characterisation testing.

The above samples were analysed to better define the concentration and extent
of PCBi in the swamp area indicated in figure 3-2. Initially, samples
representing an extension of th*.original 50-by-75-foot grid system
(approximately 10 sludge and 10 soil sanples) vere analyzed to extend the
original grid boundaries and to define the general extent of PCBs to the
southeast between the.perimeter fence and the river. Once the initial PCB
analyses were completed, additional samples collected utilizing a scalier
25-by-37.5-foot grid spacing 'were analyzed for PCBs in those areas where PCBs
were found to be present.

Equal portions of the sludge and underlying soil samples collected within five
areas of the sampling grid were separately composited to generate a total of
five sludge and five underlying soil composite samples. The sludge samples
collected at the locations indicated in Figure 3-2 were composited as follows:

• Composite No. lt Area No. 1 - Sludge samples collected
from Sampling Locations Columns 1 through 10, Rows A
through E

• Composite No. 2,"Area No. 2 - Sludge samples collected
from Sampling Locations Columns 4 through 10, Rows F
through C

• Composite No. 3, Area No. 3 - Sludge samples collected
fro* Sampling Locations Columns 1 through 3t Rows F
through J

' • Composite No. 4, Area No. 4 - Sludge samples collected
from Sampling Locations Columns 4 through 10 and Rows U
through J

*

-**,rJP



• Composite Mo. 5, Are* Nc. 5 - Sludge i*±?les cailec:«s
froa Sampling Loca::cr.s Colusr.s 1 thrs^gr. 2, lews K

* through M.

The underlying soil samples (Figure 3-3) v'ere cs=posi:ed as follows:

• Composite No. 6, Area So. 1 - Soil sar.ples collected-:
frca Sarr.sling locations Cclunr.s 1 through 10, Rcws A
through £

• Composite So. 7, Are*. Nc. 2 - Soil sarr.pl«j collected
from Sampling Loca:ions Columns 4 through 10, Rows F
and C ,

• ' Composite So. 8, Area No. 3 - Soil samples collected
• from Sampling 'Locations Columns 1 through 3 and Rowi •

- through J

• Composite N"o. 9, Area No.. 6 -.Soil samples collected
from Sampling Locations Columns 4 through 10 and Rows H
through J '- ^

• Composite Mo. 10, Area No. 5 - Soil samples collected
from Sampling Locations Columns 1 through 8 and Rows K
through L.
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Composites Hoi. 1 through 6 (Area No. 1} represented the northwest area of the
sampling grid systen, based on previous PCfe testing, PCBs were not expected to
be present. Coeposites !!os. 2 and 7 (Are* No. 2) represented an area between
the northwestern area ard the area exhibiting, the highest PC3 concentration
(Area Mo. 4). Composites No*. 3 and 8 (Area No. 3) represented the swamp area
adjacent to the river. Composites Nos. 4 and 9 (Area No. 4) represented the
area exhibiting the highest PCS concentrations. Composites Nos. 5 and 10
(Area No. 5) represented the southeastern area of the sampling grid system
adjacent to the area of highest PCS concentration.

i
TYie above coapo*it« *«*pl«i v*re analyzed for the following parameter*:

• pH (1:1)
• Cyanide, total
• Fluoride, total

Nitrate, water leachable
• Aluminum
• Arsenic '
• Barium

Cadmium
• Chromiurn, hex«v«
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• Chromium,
• Iron
• * Copper
• L«td
• Manganese
• Mercury
• Selenium
• Silver
• Zinc.

The E.P. loxicity Test leaching wts performed on the ten composites, and the
leaqhates were analyzed for th'« satse chemical parameters it the sludge and
•oil composites. The moisture content of eich composite sample was determined
to allow reporting o'f Analytical reiulcs on a dry-weight basis. Swan? area
sludge and soil composite testing is discussed in Section 3.2.3 and reported
in Tables 3-iO

•3.2.2.3 Sludge Sampling and Analysis - January 1987
Due to nonconformances with the QAPP in the execution of the laboratory
program described in Section 3'.2.2.2 for the sludge and soil samples from the
impoundment, sludge pit, and swamp areas, additional samples were collected in
January 1987 for analysis of holding time sensitive and other^selected
parameters.

Impoundment Pyl
Samples' were recollected at the original sampling locations using a hand auger
with one exception; an additional hand auger boring S-5 was drilled and
sampled in the sludge pit (Figures 3-2 and 3-3). The following samples of
sludge .and soil were collected from the impoundment and sludge pit:

• • Northern Impoundment Area v

' - Sample Location S-l: A sludge and 1 soil sample -- :•
' • - Sample Location S-2: 4 sludge and 1 soil? sample

- Sample Location S-3: 4 sludge and 1 soil sample

• Southern Impoundment Area
- Sample Location S-6: 4 sludge and 1 soil sample
- Sample Location S-5: 4 sludge and 1 soil sample
- Sample Location S-6: 5 sludge and 1 soil -sample

• Sludge Pit
- Sample Location S-l: 3 sludge and 1 soil sample
- Sample Location S-2: 4 sludne and 1 soil sample
- Sample Location S-3: A sludge and 1 soil sample

r/W:

!r
£

3-1!)



Sample- Location S-^r 3 sludge and 1 sell >*=;!*
Sample Location S-5: 3 sludge ar.d 1 soil
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Equal portions of ifhe sludge sasplea wert separately caspcsited for the
northern and southern i=poundrr.»r.: areai and sludge pit to |cr.erate a total of
three" sludge composites as described in Section 3.2.2.2. Equal portions of
the underlying soils froa the five borings in the sludge pit were similarly
composited to generate a single scil csrrposite. The soil samples collected

within the impoundment areas were analyzed individually.

The three sludge and single soil coepositts and the six individual soil
samples from tht northern and southern impoundment areas were analyzed for the

following parameters:

• Moisture content
• pH (1:1) ' • "
• Cyanide, total
• Fluoride,. total
• Nitrate, water Teachable
• Chromium, hexavalsnt
• Mercury.

The E.P. Toil city' Test Method was also performed and the leachates generated
were also analyzed for the above parameters.

A vertical sludge composite was generated frortrequal portions of individual
samples collected from each of the 11 borings (three each from the northern
and southern impoundment areas and five from the sludge pit) for a total of
eleven vertical composites. The composites were analyzed for USL organic

compounds and moisture content in accordance with the QAPP. The three soil •
samples collected in the southern impoundment area were also analyzed for HSL
organic compounds. All analytical results were reported on a dry-weight
ba s i s.

Art a
The 79 sampling locations (grid nodes) established for the November 1986 field

Investigation were resampled using a.hand auger for sample compositing and
analysis of time sensitive and other selected parameters. Sludge samples were

composited vertically to represent the entire tKiekness of the sludge at'1 each

J-L*.
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grid ncde (sampling location).' As withVhe November 1936 st=?".ir.g, a tot*", cf
61 sludge and 79 toil samples were collected.

Equal portions of the sludge and soil samples collected within the five
sampling grid areis (Figures 3-2 mi 3-D were separately coeposited to
generate five sludge and five underlying soil composite samples as described
in Section 3.2.2.2.

?

A total of ten area composite samples were analyzed for the following
parameters:

• Moisture content
• pH (1:1)
• Cyanide, total '
• Fluoride, total
• Nitrate, water leachabl«
• Chromium, hexavalent
• Mercury.

The E.?. Toxicity Test Method was also performed .on the'-ten composite samples
and the leachates generated were also analyzed for the above parameters.

3.2.2.4 Sludge Sampling and Analysis - March 1937
As requested by U.S. EPA, Region V, a total of 18 sludge and 31 additional
soil samples were collected within and around the swamp area in March 1987 to
provide greater detail within the area .exhibiting the highest PCB concen- .
trations and to attempt to locate any additional areas containing PCBs
(Figures 3-2 and 3-3) outside the original grid liaits. » 7

The existing 25- by 37.5-foot grid system was further subdivided into (.
12. 5-by-18. 75-foot grid squares for sampling within the area surrounding

Sampling Location H-10 and adjacent to the J-8 through --10 and K-5 through
K-8 sampling points (areas of highest PCB concer.trit ions ) . The 25-by
37.3-foot grid system was extended downitream along the river with .sampling *t
.grid locations M-2 through M-4, N-2 through N-4, 0-2 through O-3.5, and P-l
through P-3.

A total of ̂ 3 sludge and soil samples were colleetM and analysed for PCBs.

Soil samples 0-2 through 0-3.5 and P-l through ?-3 wprc not analyzed because
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tht M and H scrie* staples indicated that PCSs iid r.et extend b«yor.d S-2
through H-4 sampling locations. As always, acisture contents were detersir.es
for, all samples to that results ecuid be reported en a dry-weigh: basis.

3.2.3 Sludge Conposicion and Characteristics
,Tbe sludge sampling and analytical program was a. phased program with the
'following task objectives:

. • Provide permeability data to assess infiltration into
' and leachate flow rate* front the impoundmen

Identify the parameters of concern in the sludge to
determine the constituents/for subsequent sludge, soil,
and ground water analyses

Provide distribution and concentration variance data.
for the identified parameters of concern . •

Provide data to assess vertical differences in the
sludge chemical, raineralogical ar.d physical
characteristics.

Table 3-2 presents the experimental design of the sludge testing program.

During the field sampling of the sludges from the impoundment, sludge pit, and
swamp areas, it was observed that the sludges contained a high water content
(greasy feel), which prevented blowing dust or dry waste conditions, and were
densely vegetated.

Impoundment and Sludge Pit .
Permeability tests were conducted on two test pit sludge samples, one from the

northern impoundment area (TP-7, 2.5 feet) and one from the sludge pit (TP-5,
3.05 feet).* Three underlying soil samples (one each from the northern and
southern impoundment areas and one from the sludge pit) were also tested for
permeability; TP-2/TP-3, 7.5 feet. TP-7, 7.10 feet, and TP-1I, 6.0-feet,
respectively. Table 3-3 presents the results of the permeability testing,
which indicaxe that the IP-5 and TP-7 sludge sanples both exfeibiî fvnsft*-
bilJf.A«« of 6.6 z 10 centimeter* per second (c«/i). The flii&jgflŝ iee »and
und«r*oil collected immediately b«tov the soil exhibited
ranging frow 1.4 « 10~7 to 9.6 x iO~* csi/s.

3-12
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The impoundment Cest pit sljdge srrplts were *li9 analyzed for =ajor air.eral
and major elemental conposition^by X-ray diffraction and er.ergy-dispersive
techniques, respectively* The results for these analyses are presented in
Tables 3-4 and 3-5.- The X-ray diffraction analyiis (Table 3-5) indicates that
crystalline mineral composition of the sludge samples is predominantly calcite
(CaCOj), quartz (Si02), and gypsua (CaSOA • 2H20), with some aagntsiuo and
aluminun mineral phases including oxides, hydroxides, and phosphates; two
sludge samples were also composed of titanium and chromium minerals. The
.titanium is believed to be due to the presence.of titanium dioxide, a common
white paint pigment.

Amorphous mineral phases are not identifiable by X-ray diffraction techniques,
,and energy dispersive analysis was performed to identify relative elemental
abundances in the sludge. Table 3-5 presents the qualitative energy-
dispersive analytical, results, which compare well with the'mineral
compositions. In general, the major elements composing the sludge samples are
calciua (Ca), aluminum (Al), silicon (Si), sulfur (S), and iron (Fe), with

moderate amounts of magnesium (Mg)t potassium (K),' chromium (Cr), and titanium
(Ti). The higher relative abundance of aluminun detected in the energy
dispersive analyses may be due to the presence of amorphous aluminum ' .
oxyhydroxides. * . •

As indicated, the impoundment and sludge it were originally sampled from
perimeter test pits.in April 1983 (Figure 3-2). Samples were continuously
collected over the full depth of the sludge and into the underlying soil at
each test pit location. The collected samples were segregated by sampling
location (test pit) and sample type (sludge or soil) and composi'ted .for
analysis. Two compositing procedures were performed:

• Sludge and soil sample's were separately composited
according to waste area locations; northern settlement
basin (impoundment), southern settlement basin
(impoundment), and sludge pit

Sludge samples from each test pit were separately
composited to generate vertical composites at each
sampling locacion (test pit).

3-19
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Composites generated in the above marner were analyzed for parameter! specific
to plant processes, SDWA oetals and inoritnics and U.S.*£lA KSL organic
constituents. Because the objective of the iapoundaent and sludge pit
stapling was to chemically and physically characterise the vaste, the northern
and southern impoundment and sludge pit waste area cosposites were analyzed
for total constituent and E.P. Toiicity Test Method leachable cyanide,
fluoride, nitrate, and 17 metals as presented in Table 3-6. The test pit
vertical sludge composites were analyzed for E.P. toxici'ty cyanide, fluoride,.
nitrate, and 14 metals (Table 3-7} to evaluate the 'leachate variability'of the
sludge relative to the area composite ltachat.es. Selected individual test, pit• •>
sludge samples were analyzed for .total constituent cyanide, fluoride,
chromium, iron, manganese, and silver (Table 3-8) to assess compositional
variability. Total constituent USL organic compound analyses were perforaed
on the three waste area sludge composites (Table 3-9} to assess-'the potentiali
presence of organic contaminants.

•Table 3-6 presents the total constituent and £.?. toxicity leachate inorganic
results for the impoundment and sludge pit area composites* The major total
constituents in the sludge composites art:

• Aluminum (22,000 to 49,000 ppm)
• Iron (10,000 to 23,000 ppm)
• Calcium (16,000 to 38,000 p'pn)

'.- . , • Magnesium (19,000 to 47,000 ppm) .
• Chromium (3,300 to 6,100 ppm) • *
• Lead (23 to 170 ppm)
• Manganese (610,to 1*000 ppm) '
• . Silicon (180 to 350 ppm) . ' ' ,.
• Zinc (96 to 980 ppm) ',

, • Cyanide (250 to 320 ppm) •
• Fluoride (84 to 110 ppm). !

i
* . ' .'Minor concentrations of arsenic, barium, cadmium* mercury, and silver were,. • , . )• «

.also indicated. Table 3-8 presents the results of selected total constituent,
analyses (cyanide, fluoride, chromium, iron, manganese, and silver) on*
individual test pit sludge samples collected in April 1985. These results
confirm sludge,composite analyses arid indicate that cyanide, chromium, and

i
fluoride are the potential parameters of concern' based on sludge
composition. However, sludge constituents werejnot leachable as evidenced by
' • i
the E.P. Toxicity Test Method leachate analyses^ Only total chromium exceeded

• 3-20
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the E.P. toxicity standards (5.0 at/1 total chrcsiua) in the northern
impoundment sludge coapViice (9.3 mg/1 is Table 3-6). All constituents in the
southern impoundment and sludge pit passed I. P. toxicity standards by wide
marj in* and in nost cases leechate values coapared favorably to SSUA drinking
water standards a: a factor of one hundredth of the corresponding" E.P.
standards.
.:- ^

The underlying soil conposites foXthe impoundment ar.d sludge pit generally
exhibited the same major constituents* as the sludge composite bucket
concentrations a tenth to a hundredthSless than the sludge values
(Table 3-6). Iron and manganese concentrations were approximately equivalent

* V "in the sludge and soil composites with concentrations within the rangesV\ i
previously described for these const ituentsJsNNo constituents in the soil
composites exceeded E.P. toxicity standards anVleachate concentrations

* N,-compared favorably to SDWA standards for all constituents including chromium.

Results of the HSL organic compound analyses o£ the arVt sludge composites '
(Table 3-9) indicated the presence of the fol lowing, const iruencs in the
southern 'iapoundment area; xylenes UlO ppm), ethylbe'nxene O10 ppm), '

* . >x "2-hexanone (43 ppm), toluene (5.3 ppo)* naphthalene <*200 ppm}, isophorone
(16 ppm), 'with minor-concentrations of bis(2-ethylhexyl)phthalate (1.1 ppm),
di~n~butylphthalate (0.80 ppm), K-nitrosodiphenylamine (0.45 ppm), tetra-x . i
chloroethylene (0.28 ppm), and Endrtn (0.066 ppm). The northern iapoundment
area and sludge pit composites exhibited limited, organic contamination with •
bis(2-ethylhexyl)phthalate aa the major HSL constituent at 1.5 and 2.6 ppm,
'respectively. Other constituents present in che sludge 'pit composite
included: <ii-n-butylphthalate (0.35 pp")» End r in (0.032 ppm), and xylenes
(0.012 ppm). The presence of xylenes, ethylbeniene, toluene, and 2-hexanone

* ' ' *
In the southern impoundment sludge correlates with the titanium dioxide-
identified in Teat Pit Ho. 9 to indicate th*t paint «ol»«nt» and pigments are

.-probable soar c a •< these constituent!.

Results of the E.P. toxicity leachate analysis of the test.pit, sludge
edaposites (Table 3-7) indicate that all constituents eicept chromium are
below the E.P. toxicity standards. Total dh^omium exceeded the E.P. toxicity
leachate standard of 5.0 mg/l in Test Pit Composite Hot. 6 and-9 at 8.0 and •

3-21
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,11 =|/1, respectively. However* hexavalent chroaiaa was not the sajcr
ehramiua specie-* for those sludge composite* *vhich exceeded the •£.P. :cx;c-.:y
standard. S.P. toxicity leachate results for the test pit sludge coapositcs
vere equivalent to the area sludge composites previously discussed indicating
a similarity and consistency in sludge eonposition and general characteristics
within the northern and southern impoundment areas and the sludge pit.

As previously discussed, the impoundment and sludge pit were resaspled in
November 1986. , November 1.986 impoundment and sludge pit staples were
collected using a hand auger from the northern iapoundsent area (Sampling
Location S-l through 5̂ 3), southern impoundment area (S->4 through S-6), and
the sludge pit (S-l through S-4). Hand auger sampling locations are
identified in Figure 3-2. Samples were continuously collected over the full
depth of the sludge and into the underlying soil at each sampling location.
As with previous strapling efforts, all sludge samples collected within the
northern and southern impoundment areas and the sludge pit- were to be combined
to generate thrW area sludge composites.and sludge samples collected at each
sampling loca'tion were to be Individually composited to generate a total'of
tsn vertical sludge composites. Soil staples were to be composited into a
total of .two area composites, one each* for the sludge pi.t and northern
impoundment'-area, respectively, and soil samples from the southern impoundment
area were to be individually analyzed. However,, problems wcr* encountered in
the laboratory during execution of the intended cospositing and analysis
program and not .til 'scheduled compositing and analysis was performed'and 'in
soote cases analyses vere performed which, were not part of the project'work
plan.. These analyses are nonetheless summarized in Tables 3-10 through 3-11 .

to provide additional information pertaining to sludge and'underlying soil
characteristics. Detai.ltd
presented in Appendix A.

analytical results for all parameters tested are

Results -of the impoundment end.sludge pit «lo4ge composite end individual soil
Jfi«lys*3 <Table VT/0) are consistent with previous sludge end -veil -«Mly*e«

/ '/• • ' . 'which indicate, the/presence 0(f aluminum, cyanide, fluori.de, chroen.ua, iron,
manganese, and zir/c with arsenic, barium, lead, cadmium, and seleniuai f

representing trace .const ituents. How«yi|jf, all icaehatc peranet<re mmtt.
I "* -'-'if

E.?. Toiicity Te?t^ethod standards and ,lri general compare £*vorabiy to SDUA .
standards. . * - -
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Table 3-11 tuMMrizts tne HSL orjanic coopound rerults for the inpoundaenc
sludge composites and soil analyses. Sludje pic analysts were not performed
on the tuples collected in November 1986. Volatile HSL^ compounds detected in
tht slud|c composite and individual soil samples froa the northern impoundment
are* indicate no compounds in excess of sample detection iiaits except
mcthylene chloride (0.075 to 0.63 ppffl), acetone (0.075 to 0.35 ppm), And
chloroform (0.062 to 0.23 ppo). 2-Butanone was. also detected (0.032 to
0.21 pom) in all the samples and laboratory method blanks (Appendix A). The
.most frequent ^compounds detected but below sample detection limits were
xylenes (0.012
(0.08 to 0.032

(0.33 -to 0.055

to 0.062 ppm), ethylbenzene (0.009 to 0.029 ppm)t toluene
ppra) and 1,2-dichloroethine (O.OQ8 to 0.040 ppffl) with

occasional occurrences of benzene (0.005 to 0.007 ppm), and 2-hexanone
ppm) (Appendix A).

Southern impoundment area volatile HSL compound results (Table 3-11) are .
similar to thefnorthern impoundment area results presented above. Mechylene
chloride (0.025 to 0.78 ppm), acetont (0.077 to 0.48 ppn), chloroform
(O.d35 to 0.2.9 ppra)it are the only compounds detected in excess of sample
detection linits'vith the exception of tylenes (0.88 ppm) in the sludge
composite. The sludge composite xyltne value was the 'only compound detected
significantly above both sample detection limits and laboratory method blank

results. Mafthylene chloride, acetone, and chloroform values were equivalent
to laboratory method blank results when corrected for sample concentration
(dilution) /factors. 2-Butanon* was also detected (0.013 to 0.14 ppm) in both
samples and laboratory method blanks (Appendix A). With the single exception
noted above (xylene) all other compounds detected were less than sample
detection limits: tthylbenzene (0.005 to 0.17 ppm), toluene (0.008 to
0.043 ppffl), 1,2-dichloroethane (0.007 Co 0.019 ppm), tetrachloroethylene
(0.007 ppm), an4 benzene (0.006 ppa) .(Appendix A).

HSL acid and?CfS*«*"ne'utral compound results for the northern and southern
impoundment are* sludge composites and soil samples (Appendix A) detected

S
1,3-dichlorobenzene (0.13 to 0.21 ppm), lf4-dichlorobe-nzene (0.054 to
0.26 ppm); 2-methylphenol? (0.16 ppm), n-nitrosophenylamine (0.043 pp» to
0.072 ppm), di-n-butylphthalate (0.053 to 0.061 ppffl), and bis(2-
eth^rlhexyDphthalate (0.039 to 0.053 ppm), although none of the above
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compounds occurrtd at concentrations in excess of maple detection limits.
The d,£chlorobenzene isomers were also identified in the laboratory atchod
blanks but below CLP aethod detection limits.

HSL pesticide analyses were only performed on the soil staples froai the
northern and southern impoundment areas. The November 1986 sludge coaposites
were omitted -from the analytical program. No pesticides were detected in any
of the individual soil samples from the impoundment.

f
Due .to nonconformances with the QAPP laboratory program for the Novem&er 1936
samples, additional sampling was performed, during January 1987 .and samples
were comporited and analyzed according to the original sampling and analytical
plan to complete the data requirements omitted in the. November 1986->analytical
program. Table 3-12 presents the results of. the selected inorganics andi
aetals analyses for the impoundment areas and sludge pit. Total constituent
analyses were similar to previous results. No'parameter exceeded E.P.
Toxicity Test Method standards and with only two exceptions all parameters
were below SOUA standards in the E.P. coxicity leachate. The two exceptions
were the southern impoundment area sludge composite leachate (fluoride
4.) Bg/1) and the sludge pit sludge composite leachate (hexevalent chromium
0.38 mg/1). ' ' . r

• \ ' . ' , •

Sludge samples* collected in January 1987 from the impoundment areas and sludge
pit were composited on a equal weight basis to generate vertical sludge

<_•

composites at each sampling location:

• Northern Impoundment Area - Locations S-l through S-3
•. Southern Impoundment Area - Locations S-4 through S-6
•. Sludge Pit - Locations S-l through S-5.

-̂••-'---' . •»
*«"• "• • - ' " ' - - ' •Iodî a\H4l soil samples were collected and analyzed from Sampling Locations

S-4 through S-6 in the southern .impoundment area.
> *• , -,

lesults of the volatile KSL compound analyses at the above sludge coaposites
and soil samples are presented in Table 3-13. Methylene chloride (0.11 to
1.3 ppm), acetone, (0.22 to 1.5 ppm),' and chloroform (0.088 to 0.53 ppm) were
detected in both samples and laboratory method blanks at equivalent
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concentrations wren c : r r - :« i fur saeple : sr.ce.-.t rat : :- ( d * 1 „: . .:n / : a c t o r s .

2-3utanor.e (0.054 -o 0.2. ppc) «*» al»3 detecr.ec :ut Selow jascle detectior.

Limits is saaiplcs arxl laboratory aethod slants. Cn^y xyler.e was detected : .-.

the taaiples above saaple detectior. l i s i t s and laboratory sethod bla.-.k

values. The S-4 and S-6 vertical sludge composites f.roa th« soatbern

iopoundavent areas exhibited iyler,es concentrations of 1.7 ar.d 0.50 ej'fcj or

i, respectively.

All other compounds detected were seiou sample detection l i a x t s (Appendix A):

toluene" fO»13 to 0.26 pptp), ethylbenzene (O.C47 to 0.17 ppm), trichloro-

ethyler.e (tl.024 to 0.052 ppre), and 4-mechyi-2-pencanone (0.073 ppm).

HSL acid and base-neucral compound results for the sludge composites and soil

samples from the impoundment areas and sludge pit are summarized in

'Table 3-13. No compounds were detected in excess of sample detection limits

with the exception ~8is(2-ethylhexyl')phthalaCe (0.92 to 2.1 ppm) which occurred

af 2.1 Bg/'<g or ppm in the S-3 vertical sludge composite from the sludge

pit. As indicated in Appendix A, di-n-butylphthalate (0.088 to 0.49 ppm) was-

present in aany samples but usually below sample detection limits (0.33 ppm);

other components detected in some samples were: N-nitrosophenylamine (0.063

to '0.39 ppn), phenanthrer.e (0.066 to 0.17 ppm), benro(a)pyrene (0.10 ppm), and

naphthalene (0.36 ppm).

HSL pesticide and PCS analyses were performed on the vertical sludge com-

posites from the impoundment and sludge pit and results are presented in

Appendix A. Neither pesticides nor ?CBs were detected in any of the sludge

composites.

Swamp Area

As previously indicated the awaap area sludge and soil was sampled in
April 1985, No<HlJlt»*r 1986, January 1987, and March 1987. A total of 40 sludge

and underlying :§*il samples were collected at the nodes of 30-by-75-£oot grid

syitem in April 1985. Sludge and soil samples were segregated and

individually composited on an equal weight basis to generate (ingle sludge and

soil composites, respectively. The swamp sludge and soil composites (total of

two) were screened for HSL organic compounds, cyanide, fluoride, n i t r a t e , SDWA
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00001667metals, and other metals- potential.y associated with p.ar.; processes. Se»-.:»
of these analyses are presented in Tables 3-6 and 3-9, vnich suaur:;e the
inorganic/metals and the HSL ocjtr.ic compounds data, respectively.

As indicated in Table 3-6 swamp sludge and coil composite characteristics are
similar to impoundment and sludge pit values. Sw*ap sludge cospoiite
constituents include aluminum (57,000 ppm), calcium (49,000 ppm), sugr.esi or.
"(24,000 ppm), iron (19,000 ppm), chromiuist {14,000 ppa), ainc (4,300 pp»),
manganese (2,300 ppm), cyanide (520 ppm-), and fluoride (110 ppm). Lesser

constituents include lead (93 ppm), arsenic (41 ppm), bariua (210 ppm), copper
(36 ppsi), and si I ver (14 ppra).

The swamp soil composite exhibits similar constituents albeit at a lower
concentration :han the sludge composite; the exception being iron which is
present at a higher concentration in the soil than the sludge. However, the
soil iron concentrations are wichin the range coinmon to natural soils.
Subsurface soils of the Tuscaravas River Valley typically exhibit relatively
high iron and manganese values*. Chromium and cyanide soil composite
concentrations are-on the order of one hundreth the concentrations present in

the sludge composite. t • '

'Neither the swamp sludge nor the soil composite exceeded E.P. Toxicity Teat
Method standards for any parameter. In general, 2.P. Toxicity Test Leachate
concent ret loot coopered favorably to SDUA standards. Chroeuuai end lead
exhibited Leachate concentrations of 0.13 to 0*10 «t/l and less then 0.01 to.
0.18 •*/!, respectively, for the .sludge end-soil composites. Cyanide was not
detected in either of the swamp leacbetee.

HSL organic compound analyses of the swamp sludge and soil composites are
presented in Tab!*, 3-9. Volatile HSL compounds were not detected in the

•:.*?i ' ' '
sludge and aoil coiipoaitcs. v '

Acid and base*neutral HSL compounds in the sludge composite are limited to,,
8is(2-ethylhexyl )phthalate (2.9 ppm), di-n-butylphthalate (0.52 ppss),
N-nitrojodiphenylamine (0.67-ppm), and pyrene (0.38 ppm). Soil coeiposite acid
and base-neutral HSL compound results detected Bi s(2~et.hylhexyl )phthal ace
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(0.75 3f»), f luara-.: -.e- e C.51 ?=.= )

(0.66 pp«).

« r.; ; »r e - e

HSL pesticide* and PCBs'results are als: presented in Table 3-9 and indicate

the presence of PCBs in the sludge and soil composites at 1.2 «r.d 30 ppe,

respectively. Because PCBs were detected i.-. the cir.pos i tes, a total of

18 sludge and 19 soil sar.ples (total of 37 samples) were i n d i v i d u a l l y analysed

for PCBs as presented i r. Table 3-14. Results indicate that PCS contami nat i or.

is generally limited to the sludge in Areas B-2,4 (670 ppra), 3-0,3 (460 pp.r.).

3-1,3 (180 ppiti), 3-2,3 (146 ppm), 8-1,4 (13 .??«), and 3-3,4 (14 ppm) as-sussing

a 10 ppra threshold (Figure 3-2). Only one soil sample B-1,3 (9 to 15 inches)

exceeded the 10 pp« threshold at 16 ppa. The source aroclors were identified.

as 1248 and/or 1254..

As a result of the initial screening and U.S. EPA audit results, the swamp
area was resampled in November 1986. using a 25-by-37.5-foot grid system to
better define the lateral extent of PCB contamination. A total of 61 sludge

and 79 soil samples were collected. Additionally, the swamp was divided into
five areas for compositing purposes. Sludge and soil samples collected within

each area were segregated and*feparately composited to generate a total of ten
area composites (five sludge and five soil composites). The ten area

composites were analyzed for the same total and E.P. toxicity le'achate

constituents as previously described for the impoundment and sludge pit.

R.esults of the November' 1986 swamp sludge and soil PCBs analyses are presented

in Table 3-15 and on Figure 3-2. Pigures 3-2 and 3-3 illustra-te sampling grid
locations and isoconcentrat ion contours for PCBs in sludge and soil,

respectively. As previously indicated, PCB coataainatioo i« largely liaiced

to the «lu4g« vitbin tb« swaap area with ooly Limited moil concatenation in
excess- of the 10 ppn threshold. .PCB concentrations are highest adjacent to

(poundaent area and decrease r a p i d l y as sampling points approachthe souther*
the river.

Total constituent and C.P. t'oxicity leachate results of the sludge and soil
area composites are presented in Tables 3-10 and 3-16. Results indicate that

sludge and soil c haracteristics are s i m i l a r to the results previously reported



for the April 1935 swamp samples and :.-.e ;=5Cur.d=v«r.: and sludge p,.: w4«:s QQ001669
characteristics. Table 3-10 indicates the ia;cr sludge coast ituer.ts

include: aluminua (36,000 to 72,000 ppe), iror. (13,000 to 26,000 ??*=).

chro*iua (11,000 to 17,000 pp«) rir.c (4,000 to 6,000 pp«), flwcrj4«_<2,300 to
13,000 pptt), manganese (370 to 7,200 ppm), and cyanide (24 to 670 ppc) with

arsenic, bariua, and lead present as ninor constituents. Soil conititue.-.ts

were again similar to sludge constituents but at lower concentrations with the

exception of iron which exhibited a higher concentration in the soil

composites. Mo parameters .exceeded E.P. Toxicity Tett Method standards and in

«ost cases leachate concentration! approximate SDVA standards, although Arc* 1

through 3 sludge coopo-sites exhibited total chromium Leachate concentrations
from 1.7 to 1.9 *g/l, respectively. Soil composite leachates exhibited
chromium concentrations *t or below SDWA standards.

As previously discussed, problems with the execution of the laboratory program

necessitated resampling of the swamp at the 25-by-37.5-foot grid locationi in

January 1937 for analysis of selected time sensitive parameters. Results of
these analyses (cyanide, fluoride, nitrate, hexavalent chromium, and mercury),

presented in Table 3-16, are consistent with previous results and indicate
that the constituents present in the swamp area sludge are not in leachable
form and leachate values do not exceed E.P. Toxicity Test Method or SDWA
standard with one exception. Hexavalent chromiua leachate concentrations from
Area Nos. 1 and 2 sludge composites and Area Hoi. 3 and S soil composites

exceeded the SDWA standard (0.05 ag/l) at'0.54, 0.19, 0.16, and 0.06 mg/1,

respectively. However, all values ,were below the E.P. toxicity standard of

5.0 mg/1 total chromium.

Following evaluation of the November 1986 PCBs analyses presented in

Table 3-15 and at the request of U.S.. EPA Region V additional swamp sampling

was performed in HM I li US7 to extend the existing 25-by-37.5-foot grid system
•dovmstreara «lonf:.';£fe«' river and to provide a 12.5-by-18.75-foot grid spacing in
the area around i||»i>lint Location H-10 which exhibited the highest PCB con-

centrations! the purpose of this' sampling effort was to define the limits of

PCB contamination along the river and to provide better^resolutioo of sludge
•nd soil PCB concentrations in the area of maximum contamination*. Results of

these analyses are presented in Table 3-17, are consistent with the iso-
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concentration contours illustrated in Figures 3-2 ar.d 3-3, and indicate that
PCB concentrations dovngradier.t of the swam? area aior.g th« river r a p i d l y
decrease below detection limits.

3.3 WASTE COMPONENT CHARACTERISTICS AND BEHAVIOR

The sludge analyses indicate the presence of several potentially hazardous
and/or'toxic constituents including chromium, cadrciun, mercury, arsenic,

cyanide, fluoride, PCSs, and various organic compounds. The nature of
potential environmental problems due to these constituents depends on the . t
contaminant levels, the migration of the hazardous components, and the
persistence of the toxic forms in the environment.

In order to assess the significance of contaminant levels and migration..forms,

the natural forms and background concentrations of potentially hazardou*
substances require investigation. The environment of the Alsco-Anaconda HPL

site has be«n characterized with respect to the cl/isiate, geology, and
hydrology (this report), which control the natural distribution and forms of
chemical constituents. In the surficial environment, physical and chemical
weathering processes and biological processes cause transformations of

geologic materials leading to the aquatic/volatile release and/or
stabilization of metals and organic compounds. Environmental controls that
determine the fate of environmental contaminants include the following
physical, chemical, and biological processes:

• Physical processes
- Fluid flow
- Dilution " .
- Dispersion
- Evaporation/volatilization
- Filtration

• Chemical processes
As* reactions

Itorption-desorption
iplezat ion-di s soc iat ion

ridat ion-reduction
- Precipitation-dissolution
- Hydrolysis

Biological processes
- Bioaccumulation/cell synthesis
- Biotransformation/biodegradation
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- T>anipiracion '
- Translocation of materials.

The following literature sources were reviewed in ar. a::e=pt to obtain
information on the normal background concentrations «nd the geocheaical
characteristics of the contaminants of concern:

• Bartlett and Kimble, 1976 . *
• Bartlett and James, 1979
• Bowen, 1966
• Boyle and Jonasson, 1973
• Connor and- Shackletce', 1975
• Fowler -et al., 1979
• Hem, 1970a, 1970b, 1985 - . . . .
• James and Barlett, 198"3 • .
• Jenne, 1970
• Jonasson and Boyle, 1972^
• Lerman, 1979
• Pierce et al., 1970
.• Shaclclette et al., 197U, I971b
• Shepard et «l.f 1980
• Stolienverk and Morgan, 1970

Stumm and Morgan, 1970
• U.S. Geological Survey, 1970. '

Local .(site specific) soil and water background metals concentration data were
not available from any of the above references. Data for unidentified soil
locations in Ohio were reported as statistical classes in Shacklette et.al.,
(1971a,b),; however, specific values and sample descriptions were not

* *

reported. Because a »de range of values is normally found in a given
geologic setting, individual samples are not likely to be representative of
background and, therefore, the mean values for metals in soils of the
conterminous United States (Bowen, 1966) are referred to in later discussions
(Table 8-2). .

General chafjga&cris-tics and probable'behaviors of chromium, cadmium, mercury,-
arsenic, cyai||r|t-t fluoride, and PCBs in the environment of the Alsco-Anaconda
VPL sice «rtWin:•cussed below. However, the evaluation of the hazards and
potential impact* to the local environment and receptors is-discussed .
separately in Chapter 8, "Public Health and Environmental Concerns."
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3.3.1 Chromium

Chromium oxidation states (speciation) play important roles in determining the
fate of this metallic transition element in the environment. Chromium occurs
as trivalent (Cr 3) and hexavalent (Cr*°) ions in natural waters, although
valency states of 0, 2, 3, 4, and 6 are possible in a range of environments.
The geocheaical factors determining the fate of chromium in the natural
aquatic environment include redox reactions, complexation, sorption,
precipitation, hydrolysis, and bioaccumulation (Stumra ind Morgan, 1970).
Evaluation of the environmental fate of dissolved chromium, requires
consideration of the speciation of introduced chromium, the redox potential
(Eh), pH, and ionic strength of the aqueous system, equilibrium constants,
redox reactions mediated by organic carbon and manganese oxides, adsorption by
aluminum and ferric oxyhydroxides and clay minerals, and effects of major
anions including orthophosphate, sulfate, chloride, and biocarbonate on
complexation, solubility, and sorption characteristics. The following factors
are significant in controlling chromium chemistry within the aquatic
environment:

• Hexevalent chromium stability under the Eh and pH
conditions of the ground water or Tuscarawas River
water

• Coprecipitation of hexavalent chromium with aluminum
hydroxide A1(OU)3

• Adsorption of hexavalent chromium by aluminum and
ferric hydroxides and clay minerals

• Potential oxidation of trivalent chromium hydroxide
Cr(OHK in the fluvial environment.

Hexavalent Chromium Stability Under the Eh and pH Conditions of the
Tuscarawas River

Under normal fluvial Eh-pH condition! for the Tuscarawas River (Eh 0.40 volts
and pH 7.5 to ft.5), Cr*6 is stable at the chromace anion (CrÔ  ) provided
that organic carbon and/or other reducing agents are absent. However, organic
matter and other reducing agents are present in the river sediments and the Eh
and pH conditions within the Tuscarawas River fall within the stability field
of solid chromium III hydroxide Cr(OH)*. Accordingly, calculation of
equilibrium conditions requires consideration of the equilibrium effects of
precipitation of Cr(OH)j on Cr*3/Cr*° equilibrium. Calculation of the aqueous
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concentration of Cr ai CrC1ii :r. eauiiibriua with solid Cr(0r!)j »: anT". ::

0.40 volts and a pH of 8.0 provides an aqueous Cr equilibrium concer.tra:ic-
of 10~6'24 M or less than 50 aicrcgraas per liter (Pourbaix, 1974). The

eventual environmental fate of Cr* i-n the fluvial environment is reduction to

Cr*"' and precipitation as Cr(OH), (Bartlett and Kissle, 1976). Studies have

shown that reduction of Cr to Cr* by organic carbon will occur under
aerobic and anaerobic conditions. Low pH (acid) environments favor reduction

in both cases but Cr reduction will still proceed at pH values above 7.3 as

indicated by the above equilibrium calculation (Bartiett and Kirr.ble, 1976;

James and Bartlett, 1983).

UexavaHent chromium in the process wastewater discharged to the Tuscarawas
River prior to 1973 would likely have remained in solution as CrO^ for a

sufficient period of time for dilution and dispersion to have significantly

reduced the downstream Cr concentration. Because a significant organic
matter content is expected to be present in the river sediments, particularly
due to agricultural runoff to the Tuscarawas River, and the Eh and pH are

oxidizing and neutral-to-alkaline, respectively, the ultimate fate of Cr in
the fluvial environment will be reduction tor Cr and precipitation as
trivalent chromium hydroxide Cr(OH)̂ . Calculations indicate that the maximum

solubility of Cr in equilibrium with Cr(OH), under standard fluvial
conditions will be-less than the SDWA primary drinking water standard of **

50 ug/1.

Coprecipitation of Hexavalenc Chromium with Aluminum Hydroxide
Hexavalent chromium Cr will coprecipicate with aluminum hydroxide
within the pH range from 4.0 to 11.5 (Bartlett and Kimble, 1976; James-and
Bartlett, 1983). This observation closely parallels AKOH)^ solubility in
water with a minimum solubility at pH 5.3 (0.7"8 mg/l, 10~* M) and solubility
increasing â ôvsr and higher pH values. An Al(OH)-j solubility of 78 mg/1 or
10 corre«p|p|i to approximate pH values of 4.3 and 7.7 (Pourbaix, 1974).

Therefore, ,«««insiv« precipitation of AlCOH)^ occurs during neutralization of
th« process w*sttw«ter, and Coprecipitation of Cr will occur in the absence

of a chromium reduction process.
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•Neutralization of the process wastewater prior to discharge will cause alaost
complete precipitation of dissolved aluminum as aluminum hydroxide AKOH)^.
Calculations indicate that at a pH of 7.7, th< dissolved aluminas concen-
tration will be approximately 78 mg/l. Cr*6 will coprecipitate at a aininutn
-nt« of *npr"'Tt!»*r»! v 0.79 fciloBr'"" p»r ron f! r»n',» '>0,Z" »••*

-Al lull ) 3 to 'less than u.UUB mg/ i aluminum torIB mg/l aluminum tut *mur jjti

A1203 • 3H20.

Similarly, Cr*6 coprecipitation reactions can occur with ferric- hydroxide
FeCpH)^ to form FeCOH^HCrO^. However, FeCOH}^ is not soluble at neutral to
alkaline pHs and undergoes progressive precipitation at the pH range from 3 to-
6 with complete precipitation at pH 6.0 (Pourbaix, 1974). Therefore, copre-
cipitation of Cr* . with Fe(OH), and Al(OH)j should reduce the environmental
availability of Cr* .

Adsorption of Hexavalent Chromium by Aluminum and Ferric
Hydroxides and Clay Minerals»•«-,*«— — — .—*... "., .* ,^*V4> .— ...— ..*.—

Adsorption of Hexavalent Chromium by Atuminmn and Ferric
Hydroxides and Clay Mineral^
Adsorption of Cr* it dependent upon pH, oth*f 'competing aqueous anipns, aad

the presence of an adsorbing substrate such as aluminum hydroxide Al(OH)i,
*ferric hydroxide Fe(OH>3, and/or, clay minerals such as kaolihite and

montmorillonite. B*vitw of existing studies. -indicate chat the pH^vithin the
'' *•" '". * J '

fluvial enviroimejllllvill b* the controlling factor since anionic adsorption- is
idirectly proportiW to the degree of-cijet positive surface change 'on the

adsorbing substrat«r i-e., directly proVort'ional to the hydrogen ion con-
»* L - . . -ceotraeion, pH, of the aqueous environment.

Aluminum hydroxide is formed as a natural, weathering product fro* clays aad
fttldspars and as an industrial waste product, from neutralization of. the ' *"
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aluainuai conversion coating process wastewater. Ferric ~xides ar.d hy
in the regional soils are present as precipitation coatings on the silt aad
clay size particles and in the ground water as colloidal p«r:icl-es as
evidenced by che elevated ground water iron concentrations Cn che Tuscarawas
River drainage basin. Because aluminum hydroxide precipitated during
neutralization of the" process wastewater will occur as colloids, the Al-(OH)j,
"will tend to flocculate and settle slowly frora the water coluttru Accordingly,
suspended aluminum hydroxide and ferric oxyhydroxide solids would be th« aost
significant substrate for potential Cr adsorption in the fluviaL water"

column. Within the river water and sediments,, ferric oxyhydroxides and clay
minerals are additional significant potential substrates for Cr adsorption.

Hexavalent chromium speciation in aqueous solution must be considered in order
*ftto evaluate the potential for adsorption of Cr ° by process generated.AlCOHK

or by naturally occu'rring ferric hydroxide and city 'minerals. Above pH 6*.4,

Che dominant form of Cr in aqueous solution will be chromate CrOi • As in
all ion exchange reactions,'similar ions will compete for adsorption sices.
Accordingly, at pHs above 6.4, sulfate (S0^~) and orthophosphate (HP0̂ 2~ and*
HjPÔ ") will compete for adsorption sices with CrO^2". ̂  Nitrate (NÔ "), and

chloride (Cl") iocs do not ar effectively compete with Cr042~ for. adsorption
• ites. Aqueous SO^ and HjPÔ " *nd HPO, -''concentrations must exceed
approximately 0.001M (98 rag/1 SÔ ) and '0. 0001 M (3.1 mg/1 phosphorus-?,
9.S mg/l PÔ ), respectively, before significant inhibition of Cr adsorption

is likely to occur. Aqueous chloride (Cl~) and nitrate (NOj") concentrations( •
must exceed approximately '0.01M (355 mg/1 Cl") ind 0.01 M (140 mg/l,M,
620 mg/1 N03~), respectively, befdre inhibition of Cr*6 adsorpti.on is likely
to occur. Evaluation of OEPA STORET Tuscarawas River water quality data
(OEPA, 1985) indicates once dilution of the process wa'stewater occurs, the
ionic strength, of the river water is unlikely to interfere with Cr
adsorption. Only SO^ approaches a significant concentration at roughly
0.4)02 rt (17tVta-186 mg/l).

•Iso- affected. by the pH of the aqueous solutions.
Cr ™ forms, anionic species in aqueous solution, the adsorption of

these negatively charged species is dependent upon the degree of net positive
surface charge on. the aluminum hydroxide Al(OH)-j, aluminum oxide
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(Al'JCHjv • 3H,0), :e-'.: • ; d - " 1 1 :e re(CK;, ge=:hite "tOO.}, «.-d clay = i--r*;

serving as adsorptio-. iuritrates. The net positive surface :r.*rje i» due :;

hydrogen bonding between ryero|er. ions '=*) and the fubitrate. The ireater

the aqueous hydrogen ion (H*' concentration, the jreatsr ;h« n»t» positive

• urftce charge due to hydrogen bending. As the hydr;g;r, ion zoncestra: izr.

decreases, ce charge correspondingly decreases rhe

at which the net posi t i v e 3-..r~.;ce charge equals zero is ter=«d the zero poir.t

of charge (ZPC).

According to the. STORE" data (OEPA, 1935), the scan pH of the river water

varies.^between 7.9 to 3.5, which is near the calculated ZPC of 3.5 for ferric

hydroxide Fe(OH)-j. At pH 7.9 to 3.5, only a small nit. positive surface charge
is expected on the ferric hydroxide surface which will be correspondingly the

most, significant potential adsorbing substrate for Cr* . The ?Hs of the ZPC

for aluxir.ura hydroxide Al(OH)-, Itaolini^e, and aaontmoriilonite are 5*.0, 4.6,

and 2 ."5, respectively (Stu.r- and Morgan, 1970). These adsorbing substrates

will 'have a net negative surface charge at the mean river water pH of 7.9 to

8.5.' However, although the Z?C pH for FeCOH)^ is 8.5, any adsorption of

competing anions such as sulfate SO^ will shift-the ZPC to a lower pH value

(St'o-ttn and Morgan, 1970). Under these conditions, significant adsorption of

Cr is unlikely and will be readily reversible provided that long residence

times on the adsorbing substrate do not occur. Long residence ticne.s will tend
to irreversiblv bind Cr .

Potential Oxidation of Trivalent Chromium Hydroxide Cr(OH), in the
Fluvial j^nvirgnment -
As indicated above, the equilibrium concentration of Cr at fluvial Eh and pH

environmental conditions is less than 50 ug/1 in the presence of freshly

precipitated amorphous Cr(OH)^. Soil manganese III or IV oxides present in

highly oxidizing environments* can act as a redox couple and oxidize Cr to

Cr* . However^ the Cr miist be in solution for oxidation to take place
" * 3 '-either a« Cr IflHf ** an' organic complex with humates, fulvatei, etc.

Solubility offKfr is favored by low pH (acid) environments (pH 3.0).

Laboratory itudie* have shown that oxidation of Cr under optisw* conditions

i» leait efficient at pH 7.0 to 9.0. Howevje^T the ambient pH and Eh of the

Tuscarawas River precludes the existence of) the highly oxidiring, low pH

environment necessary for the ox i d a t i o n of Cr to Cr* .
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I n v e s t i g a t i o n " of Cr J , Cr , «r.d C r C C H ^ e z j ; l i b r i - u a c c r . j t a r t i ar.i aechar. :ss«

for Cr* oxidaoion i n d i c a t e t h a t the sbser .ce :: ;rga.r.ic carter, ir . su spenses

and bottoa river sediments and l:w ;K,

presence of oxidized zvar.ga.-.ese oxides,

.y ox idmr .g eavircr-aer.t s w i t h the

or *r.- i, are required for

.oxidation of Cr to Cr to occur, (Pourbaix, 1974; Sartlett aad Jaaes,

1979). 7>.e3» conditions do net occur in a fluvial environment. Laboratory

studies under optimum oxidizing conditions show that chrociua oxidation :s

short-lived ir. nost soi 1 / sed: r.er.t environments with aqueous Cr

concentrations decreasing after several days due to reduction by organic

matter. Even in the absence of reducing organic aatter and with increased

Cr solubility due to conplexation, mean Eh and pH values indicate a maximum

river water squiIibrium Cr concentration of less than 0.05 ng/1.

I

3.3.2 Cadmium

CadniuKv. is a rare element that is relatively mobile compared to other heavy

setals in the aquatic environment. Cadmium may be transported in solution as
either hydrated divalent cations or as organic and inorganic complexes

(Fowler, et al., 1979; Shephard, et al., 1930). The speciation of cadmium
will depend on the chemistry_of the surface or ground water. In the ground

water and Tuscarawas River water near the Alsco-Anaconda NPL s-ite, abundant
— — ̂Ci and SCh *" in the neutral, hard water .will lead to complexation of cadmium

in solution .

With equal concentrations of the ligands, the affinity/stability of complexing

ligands for cadmium cations in natural fresh waters generally follows the
order: humic acirds > OH~. > CO^"2 > Cl~ > S04~2 (Fowler, et-al.,

Shephard, et al., 1980)

The probable solubility controls for Cadmium- are solid Cd(OH), and CdCO,, with
I l • J

Cd(OH>2 becoming Especially important when w«ters have pH > 9. Under reducing

condition*, antf in the presence of sulfur, however, cadmium may reacft to form1

the intolubl'V •ilfid'e, CdS, and/or may coprecipi tate with zinc and iron,

should these metals be aburvdant in solution. Copreeipi tat ion with hydrous

iron, aluminum, and manganese oxides will also control ca'dmiuai Mobility in

oxygenated, unpolluted waters. In polluted or organic-rich waters, however,

the adsorption of cadmium by humic substances and the other organic complexing
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agents wrll determine, transport, partitioning, ar.d p-cter.tia. i:r

reaobiiization (Fowler, et al., 197?). Although icrpticn pr:ce*»ei »ffec:

cadsiua to « lesser extent than 001:. of the other heavy =>«t*l» (e.j., Fe, C*,

Li) torption by air.eral surfaces, hydrous =etal oxides, and organic uterxiii
probably removes acre cadsi us fros solution than does precipitation.

Neither volatilization nor photolysis is a significant process controlling the

envi ronn«ntal fate of :adsiu». 3iota strongly accumulate cadrsiuas with con-

centration factors ranging from 10 to 10 or sore, however, biotransformation

(bi.oceth.ylat ion) is not 'cnown to occur (Fouler^ et al., 1979).

3.3.3 Mercury

Under the usual conditions of temperature .ar.d pressure that occur in surface

and ground wafers, mercury can be present in one or more of three oxidation

states. The most reduced form is the raetal, which is liquid at ordinary

temperatures and which has a tendency to vaporize. The other foras a're ionic; •
the Eors reduced of the ions is the mercurous ion, H$2* « where the average

valency of mercury is *1. In oxidizing condition*, especially at low pH, the

stable form is the mercuric ion, Hg (Hes, 1970b). The nature of the mercury

species which will cccur or predominate in solution depend's on the redox
potential, and pH of the aquatic environment as well as 'solute (liguid)

concentrat ions .

At the conditions of pH and Eh likely to occur in aerated or anaerobic water

(?H 5 tii 9 and Eh <0.5 volts), the metallic liquid and mineral cinnabar (HgS)

are the principal forms affecting the solubility of mercury (Hem, 1970b).

Under reducing conditions, in the presence of sulfur, HjS will precipitate and

may constitute a major chemical sink (Fowler, et al., 1979). Under these .
•conditions with solute concentra'tions as found in surface and ground waters of •

the Al«co-An*COtul* MPL site, the predominant mercury specie* in solution will

Se undi*socM(||M Mercury, Hg°. The addition of organic conplexing agents to
*i.i:. *

th» system •1^ 'increase the. soluble fraction of mrcury by'the formation of

or|ano-m«r?ury species, thus mercury may have greater mobility in waters

containing large amounts of d i s s o l v e d organics (Jenne, 1970).
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Dissolved mercury has a te~«c us a f f i n i t y for s-rticss of siany •-'•p:s. Sal-ie

aercury introduced into. stream is s,-1. ckly • t ran s: :r=ed to :>.« par t : :ulate fare

by reduction to metallic mercury, sorpticr. onto i.-.organic »orb*te» (aicra-

cryitalline oxides) and ror.viable part i rul ate orgs.-.ics, ar.d by. ifirpt ion and

ingestion by viable b.iot* (Jenr.e, 1970). The crgar.i; satter is toils,

sedisents, and rocks account for much of the aercary in these sateriai*

(Pierce, «t al., 1970;. The particular phases ray DC transported downstream

and subsequently settle to the bed . sediment . Secondary t rar.sfornat ion'i of

mercury in the sedi.nier.ts including precipitation as HgS-ar.d nethylat iort by

•bacteria may occur. Thus, the. bottom sediments constitute a sink, although,.
ionic or r.etalli'c aercury may be released back, into the water by methylation

and by resusper.s ion of sediments by. turbulence or benthic organisms.

Metallic mercury caa enter the atmosphere from the aquatic environment as
several different gaseous compound's. Thus, volat il isacion is an important

process control \ ing ' the environmental fate of mercury. The rate of

volatilization/vaporization of mercury and certain-of its inorganic- compounds

decreases in the sequence: Eg > Hg2Cl2 > HgCl2 > HgS > HgO {Fowler, et tl.,
1979; Jenne, 1970), rurthertrore , the microbial methylation will enhance the

«?•
evaporative losses of mercury. The rate^of volatilization of some organic

nircury compounds decreases in the order: aethylmercury chloride >

methylmercury compounds = athylmercury compounds x mercury (Hg) > •

phenylrr.ercury compound-* ( Jenr.e , - 1970 ) . ' ' '

Photolysis may be of significance to the chemical speciation of mercury i-n the

atmosphere and .perhaps in the aquatic .environment ; however, ic is not clear

.what impact this process "sight, have on the' overall" fate of mercury, in the

aquatic environment (Fowler, et al., 1979). '

Many different ••nury compounds may be biotran«f ormed by bacteria ' common in
" :•&••. . '

mo tl natural vr«t*t». The organQmercury compounds so formed are strongly
' • ?

bioaccuimilated through the foodthain. The major source of mercury for

bioaccumulat ion by f'.ih is. not inorganic mercury, but Lt biomechylated

aercury-.- Upon ̂ enter vng the aqueous' system, .virtually any mercury compound may• . - i
be nicrobially converted co iiethy Imercury (bi omethy 1 ated ) . Condition* .

reported in enhance 'he bi omet-hy 1 a t i on process include large amounts of
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available mercury, L*r _: ~.:fn of bacteria, 4bier.ce ::

coaplexinjTcoaspoundir.g a g * r t < s u c h s s s u i f u : -.ear-r.eut:

tesoerature, and a r,:der*t-ly aercr-ic er.v; rcr.=e.-. t

s t r : -. 3

a'. - H , acser*;e ::

• o v 1 * r , «t a 1 . , 1 9 ~ 9 .

3.3.4 Arsenic

Arsenic i s considered t: ire a rare but extremely ~ctile and ubiquitous

eleaent in the a q u a t i c er . •- i r or..Ter:t . Levels if d i s s o l v e d arier.-c in r i v e r s are

controlled by r.r-.e ava : 1 at : 1 i t y of arsenic, redsx cor.d 1 1 i or. > , rainwater

dilutio^i, compleiat ion , ar.d 'necabclic-act.iviti.es of aquatic plants (Fcwier et

al., 1979) In the nacural aquatic environment, arsenic is stable in four

oxidations states (+5, *], 0, -3). The' pentavalent. (*5) ar.d crivalent (*3^

states are corrmon in a v a r i e t y of complex minerals and in natural racers.

Arsenic octal (valence 0! occurs only rarely, arci the -3 oxidation itate is

stable only under extrerrely reducing (anaerobic) conditions (Fowler, et al.,

1979). Because cf the r.;;h charges or. the pentavalent and trivalent states of

arsenic, and hence the r e - i d hydrolysis of these iir.ic states in aqueous

solutions, there i> practically r,cr̂  ca t lor.i c chenistry of arsenic except in
' -4 textrsaely strong acid sowiXiort*. *s . a consequence of this, «rsen«ic forms

r'\ ' H»* 'Eobi le a n i o n i c ccsple^es and^^polytter s ina in ly w i t h oxygen and s u l f u r in most.".*£«!?'•••.natural processes (.Boyle and. ?jMM>vron, 1973). Since the valence state of
.y- y 5?p . "̂!&*>' farsenic determines its ri?!»c i®«̂ jasi;ftty (the +3 itatc is sore toxic* than the
.

+ 5 st'^te) as well as com?', esa-^t'on iseaavior, the che.-aical speciation of arsenic

is iaportant wrier- considering its -iquacic fate 'Fowler, et al., 1979).

Under oxidizing conditions, the aonovalent arsenate ion fcUAsO^" would be

expected to predominate between ?H 3 and 7, ar.d the ti'iva'lent spec'ie^ '?iXVti4~

would take over from pH 7 to II. Mildly reducing conditions would f*vor the

arsenite uncharged ion HAsCK (Hew. 1985). Data on the solubility controls of
*" . «

the oxyanions, particularly arsenites, ara sparss. Although ferric arsenate •

and some othtr . pttal arsenates have rather lev - ol ubi I i t ies , the importance of

•olubility controls on the aqueous chemistry T? arsenic cannot be closely

evaluated (ttto, 1985).

! -

.•

Adsorption by or coprecipitat ion with hydrous iron and/or manganete oxides or

combination with sulfide in reduced bottom mud, appear to be major factors

that can Tiain t a i n c o n c e n t r j t i o n s ot arsenic ar very low levels in water {Hem,
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1385). Adsorption of penta-.aler-.t and triva'.er.c arsv.ic i p e c i e s cer.ss is :>e

ijreaitst in aerobic, a c i d i c , £r-sh wa-.ers. As c = r.d : c icr.s b«c:>cie acre

reducing, a-l'**lin«, «r,d''cr saLi-.e, arser.ic is less liitely ;o ^ icrbed and

acre l i k e l y to reaair d i i i c l v e c (Fowler. it al., .9'?;. However, wtiere

solutions trt v«a*ly ac:d, r-jtral, or al'olir.e, s o l u b l e arsenic ii tubject. "s

inoobi 1 i iac ; cr. DV h y d r o l y s i s »r.d cssrec i pi t a; i on with varioui ~a.Cj.ral

ccapoundi, p a r r i c u l a r l y hvirius iron oxides (Boyle ir,d Jor.ansn, 1973).

Although arsenic is :oxic, it is bi oaccuaiul a' «d and bi o: rantf orsed in aquatic

fjnvirorjaent s . The organic ,ir.d biochemical »speccs of arsenic chesiscry are

potentially of considerable significance in decerai'ning the envi ronnental face

of arsenic. Arsenic ovav sigrate as various chelated or organic compounds

resulting from the decay at plant and anisial aiatter, and in a colloidal fora

or adsorbent to hydrous iron oiide, silicate, and hunic colloids (Boyle and

Jonasson, 1973). _, Arsenic forss stable bonds with sulfur and carbon in organic

ccrspcunds, and it is the affinity f or ' :ri v»l ent arsenic for julfhydryl groups,

sost notab-ly acino acids, which accounts for its toxicity. Methy'.ation m«y be

4 detoxification aechar.i STI. 3ir.ce most of the organic metabolites are

considerably less toxic char arsenite (Fowler, et al., 1979). As a result of

biologically mediated s-.ethy '. s t ion ,- derivatives of arsenic such as dinethyl

arsenic ([CH,]-, AnCC-a) sr.d r.echylarsenic acids . (Ch'.,AsO[OH ],) can be

synthesized (i-ieii, 1985). £• methyl arsenic acid is difficult to oxidize and

nay be a rtajor portion of dissolved arsenic* in surface water (Hem, 1985).

Volatilization is an .apcrtant environmental process controlling arienic when

"biological activity or hi'gh'.v reducing conditions produce methylarsenics or

arsine (AsH,), which is gaseous (Fowler, et al., 1979). Photolysis is not'an

important environmental cont-ol of the fate of arsenic (Fowler, et al . , 1979).

»

3.3.5 Cyanidt
Cyanides are a d>V«rse group of organic and inorganic compounds/complexes,

which contain clip;'»CM group. In the aquatic environment, the cyanides are

*ubject to photolysis, volatilization, biot ransf orraat ion , and Other relatively

less iaportant fates (Fowler, <t al., 1979). Hydrogen cyanide (HCM), which

occurs only rarely m nature, is the most reactive and moat toxic of the
"a

cyanides. !n natural water s ( ̂  < pH < 9 ) , free cyanide ( uncompl exed by
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netals) is predominant *s HCN, wit h the resui-der present a* :he cyanide a.-.i3.-.

(CN~). However, HCM is extremely v o l a t i l e jr.d is subject :o vol at 111 iat i cr. to

the atsosphere wtiere ;t diffuses rapidly, such tf.at well aixed aqueous

solutionj i.-. ecu: 1 i br: ua with th« a t.T.cs cr.»r« vculd tend towards reduced

cyanide concentrations, especially as wind speeds «.-.d water/air teaperatures

increase.

The cyanide for-ns complexes with a variety of metals, especially the nuiti-

valent transition series elements (Fowler, et al., 1979). The ferri- and

ferro-cyanides (;Fe(CN}jj" and [Fe(CN)^]~ , respectively) used as process

chemicals are very stable in aqueous solutions and do not release cyanide

unless exposed to ultraviolet light. Vet, hydrogen cyanide is resistant to

photolysis by wavelengths of light reaching the earth's surface. Thus,

phot odecoccpo* -. t i or, of the Tiet al locyan ide coupled with volatilization of the

HCV are potentially significant environmental processes which could reduce

rysnid? levels in surface waters.

In biological systems, HCK interferes wich- enzymes associated with cellular

osidation. The HCN is either quickly metabolized or the organism dies; thus,

there is little potential for bi oaccumulat ion of HCN. However, fish have been

found to bio:ccunulate actal loiysnide coaol exes , and x*ny plants synthesize

and accumulate cyanogenic glyc'osides (Fowler, et al., 1979). Many

independent studies have indicated that HCN or its salts are metabolized by -

numerous varieties o.f bacteria, indicating biodegradat ion is relatively

important as an environmental control.

Hydrogen cyanide, metai locyanide complexes, and nitriles are all subject to

biodegradat ion (Fowler, ec al., 1979). Although most organisms can tolerate
only very low concentrations, a bacterium has been isolated that is capable of

using cyanide *• its sole source of carbon and nitrogen. Many concern bacteria

also «etabolii«. lover concentrations of cyanides. Thus, biodegradat ion is an

important environmental process determining the fate of cyanides. However,

the effectiveness of organisms t.o metabolize cyanides in natural waters

depend* on many factors including cyanide concentrations, pH, tenperat ure ,

concentration of microbes, a v a i l a b i l i t y of nutrients, and whether the

organums are accli.-nated to cyanides (Fowler, et al., 1979).
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3.3.6 Fljond«*

Fluondes include natural and synthesized insrgar. :c c o=pr --.: i / c CMS pi exes -M;.-.

contain or consist if :he halogen F. In :hs aquatic envirsr-aeat , fluorii*

occurs principally.** :he free fluoride ior. (F ), which is subject to

coeplexation, oreci?::a:ion, sorption, and other less izporttnt fate* (ses,

1970a; 1985). Flucr-.de ior.s have the sa.ne charge and nearly the *afi« radius

as hydroxide ions (OH"), and thus the ions tend ts replace each other.

Fluoride forr.s ttror.g solute complexes with ^lany cations ar.d low—»ol ubi 1 : t y

aineral coaoounds, which are fa:rlv ccrrwon ;n nature.

In the extreme anhydrous forrrs, synthetic hydrofluoric acid (HF) used in the

plant process, is produced by reacting sulfuric acid (f^SO^) with the mineral

fluorite (CaF,). L i q u i d HF is an excellent solvent, because it is highly

polar, and if dissolves salts and oxides even better than water does (Rochow,

1977). Although HF is extremely corrosive, the anhydrous liquid does not

occur naturally because it reacts so completely with it* surroundings,

producing Eluorides in aqueous environments. The fluoride anion forais strong

aqueous complexes with iluminua, beryllium, 'ferric iron, silicon, and other

cations in solution (H?3, 1970a; 1935^ In turn, the aineral fluorite any act

as a fluoride solubility control in the natural aqueous system, thus reducing

dissolved F concentrations.

In natural aqueous systems,'mineral equiLibrium and sorption/ion exchange are
•̂''4major controls of F aobwfity. Although F is relatively ubiquitous at low

concentrations (less than 1 ppm) in surface and- ground waters (Hem, 1970«;

1985), F~ nobility depends on many factors.. Factors controlling fluoride in

aquatic environments include pH, temperature, and the concentrations of F and

complexing cations, ionic strength, the concentrations of ions such as calcium

(Ca ) and orthophosphate (PÔ  ) which will form fluoride minerals. The

higher concentr«ciont of fluoride observed in natural waters -are generally in

water* th*6*iHrt relatively low in calcium (Hem, 1970a; 1985), because fluorite
%-(CaPj) and ifttoi—*patite (CajtPO^J^F) minerals will precipitate F~ from

solution. Hard w«ter» (Tuscarawas River) typically contain high concen-

tration* of Ca and waters containing detergents, decay product* of organic

nutter (aquatic vege tit iron, sewage effluent), and/or fertiliter runoff,

usually have h ; gh l e v e l s of PO, ~ , such Chat F" concentracions w i l l tend to be
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low. Fluoride career, - -,it - :r.s wl. 11 tend :s be greater i - w a t e r s with

relatively high ph < pH sjr-ater than 3 / and thus high OH" concent rat i or. t,

because f luoride-cor.t aining air.ersls can exchange surface-bound F for OH .

Ir. contrast, in acre neutral to acidic environs', the reverse subs 11 tut; or. of

?~ for C = ~ ir. minerals, bcr.es, .-.nd teeth rtay occur, thus reducing F

concentrations' in solution and producing, acid-resistant characteristics of the

solid conpour.ds.

3.3.7 Pol ychlori r.at ed Siphenyl s

?C3s are a faaiily of chlorinated hydrocarbon compounds (C^ IH,C!]JQ) which
vary widely in physical, chemical, and biological properties according to the

degree and position of chlor inat ion . Though all the ?C8s have a very low

water solubility, low vapor pressure, and a high dielectric constant (Fowler

et al.. 1979). In the aquatic environment, the ?C3s are subject to sorption,

volatilization, photolysis, bioaccumulat ion , and biotransf ormat ion/biodegradacion

(Fowler, et al.. , 1979). However, the relative importance of the different

fates varies with chlorination of the compounds.

The identification of PC3s is designated by the individual Aroclors 1221,

1232, 1242, 1248, 1254, snd 1260 (Monsanto trademark). .The first two digits,

12, indicate the preparation is a mixture, and the second two digits denote

the approximate chlorine content in ve-ight percent (Fowler, et al . , 1979).

Thus, Aroclor 1242 is a mixture having an average chlorine content of

42 weight percent. When environmental problems were found to be associated

with the -nore chlorinated (heavier) mixtures, the manufacturer prepared a new,

lighter mixture of the mono-, di-, tri-, and tetrachloro isomer (C^HgCl,

C,2H«C1.2» !-i2^7t'''3' *RC' *'' 2̂6('''4 ' resPecC^ v«ly ) that carried the designation
Aroclor 1016. Because the Aroclors are Mixtures of different PCBs isomers,

the physical properties cannot be defined as constants.

fses which are Vuiown to destroy PC8§ include biotrans-

formation and photolysis. For thoie compounds with four or fewer chlorine

atoms per molecule, biodegradation appears to be the dominant f«t€ process and

result! in significant destruction and transformation. PCBs with five or more

chlorine atoms per molecule havrf been photolyred in experimental iituations.

However, dissolved oxygen l i m i t s Qhe rate of PCBs photodegradation, which
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would presumably occur in the oxygenated photic ror.e of surface waters.
Nevertheless, «veo though the rate of photolytic breakdown say be slow, it nay
be significant since none of the ether environmental fate processes results in
the degradation of the heavier PCSs (Fowler, et al., 1979).

Nondestructive processes which affect the .distribution and transport of PCSs
are adsorption, volatilization, and bioaccumulation. In natural water
systems, the greatest concentration of these compounds is sorbed to suspended
and stream bed sediments and aquifer materials due to their very low

solubility in water. ' The tendency of PCBs for adsorption increases with the
degree of chloririation and with the organic content of the absorbent. The
biota are another environmental compartment into which these compounds are
strongly partitioned (measured tjioconcentration factors range up to 10

(Fowler, et al., 1979>»v > , <

£*'••* ' s -';Volatilization and transportWi-an aerosol followed by fallout with- dust or
J 4»Verain is the probable cause jHt̂ Abe ubiquitous environmental distribution of
JEKSSOfPCBs. The more highly tl££JI«$*ted species are less volatile than the lighter
•̂̂ Ĵ̂ *̂ ,-™'

species. The presence of TiffcpenxFtrf solids in water tends to reduce

volatilization from the "aq.ueous system presumably because the solids adsorb
the PCBs-and reduce j&: concentration in solution (rowler, et al., 1979).

The available empirical' evidence indicates that ?C3s, especially those with
"' i' • ' • -.fpur or sore- chlorinesk are persistent in the environment. The composition of

*f ?̂upolychlonnated biphenVls in the atmosphere is s-.mlar to that of- ArocLor 1242
or 1016, while chcise in surface water*, (mostly adsorbed to. suspended solids)
approach the composition of Aroclor 1254. Polychlorinated biphenyls in biota

are heavier and more chlorinated still, ara&approximaCA* the composition of
• ' •$Aroclor 1260. Thus; the processes controlling distribution are somewhat

selective, witfr-the lighter species more likely -,o volatilize and the heavier
sp«cie» more' Eutf&y to be incorporated into sediments and biota (Fowler, et
aUf .1979). M= ' . '

3*3.8 Envi ronaentaj, Trans format yon of Organ ie Chemicals
Degradation and transformation of organic chemicals can occur in both soil and

aquatic environments. Mechanisms tha.t.can be involved in degradation and
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transformation processes include biodegradacion under aerobic and anaerobic

conditions and photodecomposition. Table 3-18 summarizes the physical and
chemical characteristics of compounds that have been identified above
detection liaics at the Alsco-Anaconda NPL site, while Table 3-19 summarizes
the known environmental transformation pathways for the same organic
compounds.
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4.0 UYDROGEOLOGIC INVESTIGATIONS

4.1 INTRODUCTION

The hydrogeologic investigations at the Alsco-Anaconda NPL site included
literature and file reviews, field investigations, laboratory analyses, and
interpretation of results. These activities were conducted in order to
determine physical and chemical characteristics of site soils, geology, and
ground water, and to delineate the levels and extent of contamination of the
environmental media.

Field activities conducted at the site included the following:

* Drilling of nine subsurface borings and the collection
of corresponding soil boring samples

* Installation of nine monitoring wells and the periodic
collection of water level data and ground water
samples

* Survey of the site topography, well locations, and
elevations.

The topographic survey and field measurements of well water elevations were
performed in order to prepare site maps and to evaluate ground water flow and
solute transport.

Laboratory activities included physical and chemical characterization of soil
boring and ground water samples. Permeability (hydraulic conductivity) tests
of site soils and chemical analyses of soil and ground water samples were
completed in order to assess the potential for chemical migration (leaching
and solute transport) and the extent of contamination. Soils were tested for
total and EP toxicity teachable constituents, and ground waters were analyzed
for organic and inorganic parameters.

The descriptions, results, and interpretations of the hydrogeologie
investigations are presented below according to the different media - soils,
geology, and ground water.
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4.2 SOILS

4.2.1 Background
The turfacc soil* at the site are derived from alluvial materials and are
classified as Chagrin silt loam (Wildermuth and others* 1953). These natural
soils are floodplain deposits, which are brown near the surface changing to
brownish yellow below about 30 inches. Chagrin soils are friable and easily
workable with good drainage and low erodability. Natural organic matter
content of these soils is variable, from less than 5 up to 30 percent.

4.2.2 Soil Sampling
Shallow soil samples from the swamp and surrounding areas adjacent to the
sludge-covered area were collected using clean hand augers. The sludge pit
and settlement basin soils were sampled using test pits and hand auger to
penetrate the overlying sludge (Figure 3-1).

The site soils sampled from the swamp and surrounding area along the
Tuscarawas River are typical Chagrin silt loam except beneath some areas where
the sludge is black, as opposed to pale greenish-blue. Below the black
sludge, the soil color is black and changes to brown as the depth is
increased. The black discoloration is not apparently attributable to a single
cause but may result from a combination of several hypothetical causes, such
as natural swamp organic matter and/or oil and grease or similar contam-
ination. The black coloration also could result from the presence of
naturally occurring iron and manganese, which may form black colored, reduced
ferrous and manganese oxide or sulfide compounds under relatively anoxic
conditions. Black coloration of subsoils also occurred beneath the sludge in
some areas of the sludge pit and settlement basins. However, the subsoil
samples collected at the base of the impoundments generally had coarse grain
sizes, ranging frost silty sand to one-inch-diameter gravel.

Vine subsurface borings (MW-1 through MW-9 in Figure 1-2) were completed to a
depth of 50 feet around the Alsco plant and on the Alsco-Anaconda MPL site.
The boring logs showing sampled intervals and lithologic descriptions are
presented in Appendix C. Samples obtained from these borings indicate the
Alsco plant and a portion of the Alsco-Anaconda NPL site are situated on
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several feet of fill material composed of loose to medium dense, brown, black
and gray silt, sand* gravel, and cinders. The remaining area of the Alsco-
Anaconda MPL site is covered by natural alluvial soil and glacial outwash
sediments. Beneath the fill and soil are deposits of fine to medium sand and
fin* co medium gravel with interbeds of sand and silt (Figure* 4*1 and 4-2).
The well log obtained for Production Well PW-5 (Ohio Drilling Company, I960;
Appendix C) shows similar materials with sands and gravels extending to the
bottom of the boring at 159 feet. The predominance of coarser grained
materials at depth is apparent in the geologic cross sections (Figures 4-1 and
4-2), which were prepared from the boring logs.

4-2.3 Laboratory Analyses of Soils
Laboratory permeability (hydraulic conductivity) tests were conducted on three
soil samples collected from the bat* of the sludge pit (Table 3-3). These
soils described as brown silt, brown silty fine sand, and black silty fine
sand had permeabilities ranging from 9*59 x 10"* to 1.43 x 10~7 ca/s. Such
values are expected for unconsolidated, fine-grained deposits (Freeze and
Cherry, 1979, p. 29) and arc indicative of relatively impermeable materials*
In addition to permeability testing, one soil boring sample SB-B-series soil
was analyzed by X-ray diffraction and energy-dispersive spectrometer
techniques (Tables 3-4 and 3-5). The X-ray diffraction analysis (Table 3-4)
indicated the mineral composition of the sample was predominantly quartz with
traces of feldspar Cmicrocline and oligoclase), muscovite, and kaolinite,
which are typical minerals composing sandy-silt loams (Brady» 1974,
p. 44-47). The soil mineral composition explains the results of the energy-
dispersive spectrometer analysis (Table 3-5), which indicates silicon,
aluminum, iron, potassium, and calcium are the dominant elements, in that
order. Because X-ray diffraction is limited to crystalline phases, it is
probable that much of the iron and aluminum in the sample was present as
amorphous iron and/or aluminum oxyhydroxides and some was crystalline
hematite, goethite, and limonite, which were not identified in the X-ray
analysis.

The soil samples collected from the impoundments and the swamp area were
composited for laboratory chemical analysis of total and E. P. Toxicity Test
Method inorganic constituents plus HSL organic compounds. The results of
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these analyses are listed in Tables 3-6 through 3-13 and 3-16. In addition,
individual soil samples from the swamp area were analyzed for PCBs
(Tables 3-14, 3-15, and 3-17). Figure 4-1 shows the distribution of PCBs in
soils at the Alsco-Anaconda NPL site. The swamp grid areas were reduced from
50 by 75 feet Co 25 by 37.5 feet, and in selected areas where PCBs were
relatively high, to 12.5 by 18.75 feet in sequential sampling and analysis
efforts to determine the extent of contamination.

Twenty-seven subsurface boring soil samples collected during drilling oper-
ations for monitoring well installation were analyzed for the following
parameters:

• Cyanide, total and amenable
• Fluoride, soluble
• Nitrate, leachable
• Chromium, total and hexavalent
• Iron
• Manganese.

The E.P. Toxicity Test method was also performed on the samples and the
resulting leachates were also analyzed for the above parameters. The results
for these analyses are listed in Table 4-1.

The soil boring analytical results, presented in Table 4-1, indicate high iron
and manganese concentrations, which are characteristic of area soils, and some
occurrences of chromium, fluoride, and cyanide. Chromium is present in soils
in the conterminous United States at concentrations ranging from 1 to
1,500 ppm with a mean concentration of approximately 53 ppra. Using these
criteria, all soil boring samples were within the range of naturally occurring
chromium concentrations. Chromium concentrations in excess of the mean value
occurred in Soil Borings MW-2, 3-1 (950 ppm), MW-3, S-l (91 ppm), MW-3, S-3
(57 ppm), MW-4, S-l (280 ppm), and MW-5, S-l (87 ppm) which are located
immediately adjacent to the sludge pit and impoundment. Fluoride concen-
trations ware generally limited in Soil Borings MW-2, S-4 (31 ppm), MW-3, S-l
(40 ppm), MW-3, S-3 (63 ppm), MW-4, S-4 (24 ppm), MW-5, S-l (86 ppm), MW-5,
S-3 (21 ppm), MW-5, S-7 (18 ppm), MW-7, S-l (25 ppo), and MW-7, S-3 (14
ppm). Excepting Soil Boring MW-7, fluoride concentrations are limited to
those soil borings adjacent to the sludge pit and impoundment. With the
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exception of Samples MW-2, S-l (60 ppm) and MW-4, S-l (25 ppm), no cyanide

concentrations exceeded 5.0 ppm and detectable cyanide was limited to Soil
Borings MW-2, MW-3, MW-4, and MW-5 adjacent to the sludge pic and impoundment
and MW-7 in the swamp area.

Most significantly, E.P. Toxicity Test Method results indicate that tht
chromium, fluoride, and cyanide present in the samples is not in a teachable
form. Maximum chromium concentrations the EP toxicity leachaces were MW-2,
S-l (0.78 mg/1) and MW-4, S-l (0.29 mg/1) which are well below the EP Toxicity
leachate standard of 5.0 mg/1. Fluoride concentrations did not exceed the
SDWA standard of 4.0 mg/1 in any of soil boring leachates. Cyanide was not
detected in any of the soil boring leachates above the 0.02 mg/1 method
detection limit.

4.3 GROUND WATER

4.3.1 Background

A discussion of the regional geology as it relates to the tite is included in
Chapter 1. Site-specific details are presented in the following section. The
Alsco-Anaconda NPL site is located adjacent to the Tuscarawas River, which
flows within a buried postglacial valley (Cummins, 1959). The buried valley
bottom is incised into relatively flat-lying sedimentary rocks composed mainly
of shale and sandstone with minor beds of limestone and coal (Brownocker,
1947; Lamborn, 1956). The valley fill material is composed of unconsolidated
fluvial deposits of glacial outwash sands, silts, and gravels. The thickness
of these unconsolidated materials is generally greater than 160 feet but less
than 200 feet in the vicinity of the site (Ohio Drilling Company, 1972).

The unconsolidated glacio-fluvial deposits of the Tuscarawas River valley form
extensive aquifers (Cummins, 1959), which are the principal water supplies for
residents and municipalities in the valley (Ohio Department of Natural
Resources [ODNR], 1968). The village of Cnadenhutten established a municipal
water supply from ground water in 1936 (Virtue, 1976). The Gnadenhutten
municipal well field is located approximately 4,000 feet northeast
(upgradient) of the Alsco-Anaconda NPL site. Several municipal wells have i
been drilled in the well field (Figure 1-1, Wells WW-8, WW-9, and WW-10),
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called Heck's Grove, with the last well completed in 1976 (Appendix C). The
ODMR (1968, pp. 104, 108) estimated the municipal water per capita usage in
Cnadenhutten is 115 gallons per day (gpd) such that the total Gnadenhutten
population of 1,320 residents requires approximately 152,000 gpd or an average
of 106 gpa* Private industrial use of ground water in Gnadenhutten is
estimated to be about 131,000 gpd (ODMR, 1968). The gravelly fraction of the
aquifer is capable of producing thousands of gallons per minute (Ohio Drilling
Company, 1972).

4.3.2 Water Well Inventory
The ODNR Division of Water maintains a file of "Well Log and Drilling Report"
forms, which were completed by the drilling companies and collected by the
ODNR. The available well logs for 62 water wells, including the five Alsco
plant wells, within a 1.5-mile radius from the Alsco-Anaconda NPL site are
presented in Appendix C, and the locations of these water wells are shown in
Figure 1-1. The Alsco plant production wells (PW-1 through PW-5) and the
Gnadenhutten municipal water wells (WW-8 through WW-10) were installed over a
range of about 30 years, and the oldest wells have been abandoned. It is
probable that many of the older residential wells also have been abandoned,
especially as the municipal water lines were extended to homes more distant
from the municipal well field. Considering that some residential wells
probably were installed without the proper completion of corresponding well
logs and that some wells for which logs were recorded have been abandoned, the
total count of 62 wells within 1.5 miles of the Alsco-Anaconda NPL site is
reasonable. The relevant issue is the locations of drinking water wells with
respect to the location of the Alsco-Anaconda NPL site and the direction of
ground water flow and possible contaminant transport from the site.

The Alsco plant production wells are not used for drinking water; the plant
drinking water i» supplied by the municipal water system. Four domestic wells
for which log* w»re obtained are approximately 0.5 mile from the Alsco-
Anaconda NPL sit* (Figure 1*1). All four wells produce water from the
unconsolidated sand and gravel aquifer. Wells UW-1, WU-2, and WW-3 are about
0.5 mile northeast of the Alsco-Anaconda NPL site, on the north side of U.S.
Highway 36. These wells were drilled since 1970 and are from S3 to 65 feet
deep (Appendix C). A fourth domestic well, WW-11, approximately 0.5 mile east
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of the Alsco-Anaconda NPL site was drilled in 1961 to a depth of 40 feet
(Appendix C). It is anticipated that the ground water flow direction is
generally southweitward down the Tuscarawas River valley* and there are no
known water wells south or west of the site within 0.5 mile.

Accurately measured ground water level data for a specific time interval are
necessary to determine the potential ground water flow directions. However,
the static water levels indicated on the well logs (Appendix C) are for a wide
range of times, and the ground surface elevations necessary to convert the
static water depths to elevations arc inaccurate due to imprecise well
locations and 20-foot contour intervals on the topographic maps (Figure 1-1).

Three plant production wells at the Alsco plant (PW-3, PW-4, and PW-5) and
nine monitoring wells installed as part of the Alsco-Anaconda NPL site RI were
used to obtain ground water level and chemical quality data for the
Alsco-Anaconda MPL site investigation.

4,3.3 Monitoring Well Installation
Two changes have been made to the boring program March 1985 Revision I RI Work
Plan based on field conditions and/or recommendations by IT. After Monitoring
Well MW-6 had been moved to its present location at the request of OEPA (Mark
Basel's letter of March 11, 1985), ic was recommended by IT and then approved
by ARCO that an additional monitoring well (MW-9) be installed to monitor
upgradient ground water conditions. This monitoring well was placed at the
location shown in Figure 1-2.

Due to field conditions, Monitoring Well MW-5 was relocated to its present
location shown in Figure 1-2 with the approval of ARCO and OEPA field person-
nel. The original location for MW-5 (as originally shown in Figure 3-1 of the
March 1985 Revision I, RI Work Plan) was not accessible to the drilling
equipment. Ground water monitoring wells were installed from March 18 to
April 9, 1985 at the nine boring locations (Figure 1*2).

The monitoring wells were constructed of two-inch-diameter Schedule 40 PVC
riser pipe and No. 10 (0.010-inch) slot size manufactured PVC screen. The
saturated thickness of each borehole was screened to provide for assessment of
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vertical variation in ground water quality. All the monitoring wells wereUifct"'' AD5*ft

packed with sand; instead, natural materials were allowed to collapse around
the well casings as the augers were removed. Where screens were exposed after
the collapse (due to shallow ground water conditions in some areas),
monitoring wells were sand packed to a minimum of one foot and a maximum of
two fete above the screened interval. A two-foot bentonitc seal was placed
above the sand pack to minimize vertical communication and contamination from
the overlying grout seal. The remainder of the annular space was filled with
a cement-bentonite grout to the ground surface. Well completion diagrams are
presented in Appendix C. Monitoring wells were pumped at a rate of IS gpm
until clear water was produced. Rapid well recovery due to high aquifer
permeability rates prohibited in situ aquifer permeability testing.

4.3.4 Alsco Plant Production Wells
The three production wells (PU-3, PW-4, and PW-5) used to obtain water level
data were installed prior to 1980 at different locations around the Alsco
plant (Figures 1-1, 1-2, and 4-1). All three wells, PW-3 through PW-5, art
accessible, although only one of these wells, PW-5, is currently in daily
operation. Two other production wells, PW-1 and PW-2, were abandoned and are
not easily accessed. Wells PW-3 and PW-4 are used only on a standby basis.
Well PW-5 is pumped at approximately 1,000 gpm and has a total depth of about
140 feet. The pumping produces a cone of depression that influences the local
ground water table configuration (Figure 4-4).

4.3.4.1 Current Status of Alsco Plant Production Wells
Currently Production Wells PW-4 and PW-5 are active and both have the capacity
to provide process water to the Alsco Plant. Production Well PW-5 is che
primary source while Well PW-4 is on standby and also provides the water to
the 100,000 gallon emergency fire protection storage tank.

The process water is used throughout the plant as both noncontact and contact
cooling water* All contact cooling water is collected and discharged to the
wastewater treatment plant. After the wastewater has been treated the water
is discharged out the NPDES outfall. The noncontact cooling water is
collected in sumps with oil skimmers at the northwest and southwest corners of *
the plant to the Tuscarawas River through the NPDES outfalls. In selected
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areas of the plant, city water is used with the process and is discharged
similar to the Production Well PW-5 water as described above.

Therefore, the water supplied by Production Wells PW-4 and Ptf-5 to the Alsco
Plant* other than for evaporation, is returned to the Tuscaravas River through
the three Alsco Plant NPDES outfalls.

4.3.5 Ground Water Level Measurements
In order to determine the direction(s) and rate(s) of ground water flow from
the Alsco-Anaconda MPL site, ground water levels were measured periodically
(usually during quarterly ground water monitoring) over the two-year period
since the monitoring wells were installed (Table 4-2). The monitoring and
production wells and the locations of surrounding landmarks were surveyed with
reference to a USCS benchmark (Figure 4-1) to establish true well, ground, and
ground water table elevations. In addition, painted benchmarks were surveyed
on the railroad bridge across the Tuscarawas River and on the plant discharge
outflow pipe down river (outfall 006 in Figure 1-2) as reference points for
determination of river water levels (Table 4-2, February and March 1987 data).

Hater level measurements from the production and monitoring wells, plus the
river, indicate that the local ground water flow is to the southwest in the
direction of the Tuscarawas River and down the buried valley. The ground
water table varies seasonally about four to six feet from high to low water
conditions (Figure 4-5). However, the relationship of water levels between
wells is relatively constant, indicating a stable hydraulic gradient. River
elevations also fluctuate during this period, probably affecting local ground
water levels. During low flow and drought periods, ground water base flow
sustains the river (ODNR, 1968).

Localized variations of the ground water flow patterns are produced by the
plant production well PW-5 used for process water. This effect is minimized
by the high permeability if the subsurface materials. Aquifer pump tests
conducted by the Ohio Drilling Company (1972) indicate the sand and gravel
aquifer has a coefficient of transmissivity of about 685,000 gallons per day
per foot (gpd/ft), which is equivalent to a hydraulic conductivity of
0.185 cm/s for a saturated thickness of 175 feet. Field tests show the
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shallow subsurface soils have a hydraulic conductivity of about 10"̂  cm/3. A
hydraulic conductivity value of 10~l cm/s for the deeper coarse-grained strata
was calculated from PW-5 specific capacity data (Appendix B). Using the
hydraulic conductivity calculated for PW-5, the hydraulic gradient across the
site, and assuming an effective porosity of 0.25, the average rate of ground
water flow velocity is estimated to be about 2 ft/day in areas out of the
range of influence from PW-5.

4,3.6 Ground Water Sampling and Analysis
Ground water monitoring well samples were collected at Monitoring Wells MW-1
through MW-9 and Production Wells PW-4 and PW-5. Because the monitoring wells
were screened continuously through the saturated zone, and contaminant sources
occur near the surface on the fite, upper zone and lower zone ground water
samples were collected from the O-co-25-foot and 25-to-50-foot depth inter-
vals, respectively. The upper zone samples were collected at about middepth
between the static water level and 25-foot depth, but at least five feet below
the water table. The lower zone samples were collected at a depth of about
37.5 feet below the ground surface. Continuous downhole conductivity measure-
ments and water level measurements were conducted prior to well purging to
assist in the final determination of the sampling depth (Table 4-3). The
profiles indicated essentially constant conductivities within a range of about
ten percent. The pumps were set near the highest conductance readings in the
upper zone but still at least five feet below the static water level.

Ground water samples were collected first from the lower depth intervals of
the monitoring wells following purging of approximately three well volumes of
water. The pump was then raised to the upper zone for additional purging and
then sampling. At each sampling depth, measurements of pH, conductivity, and
temperature were determined (Table 4-3 and Appendix D). Ground water samples
and field measurements were also collected from the plant production wells,
PW-4 and PW-5, which were sampled from the attached spigots following brief
purging using the existing well pumps when the wells were not already in
operation.
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A tot*! of six stts of ground water samples were collected during the two-year
remedial investigation. Each sec consisted of upper and lower zone samples
fro* Monitoring Wells MW-1 through MW-9 and pumping zone samples from
Production Wells PU-4 and PW-5 (a total of 20 ground water samples per set).

A summary of the ground water monitoring events and the corresponding
analytical programs follows.

• First quarter ground water monitoring, April 9 and 12,
1985:

- HSL volatile* semivolatilc, and pesticide/PCB organic
constituents (six wells only; MW-1, MU-2, MW-3f MU-3,
MH-6, and PW-5)

- Amenable cyanide

- Total constituent cyanide, fluoride, and nitrate

- Thirteen total metals (Al, As, Ba, Cd, Cr, Cu, Fe,
Pb, Mn, Hg, Se, Ag, and Zn)

- Hexavalent chromium

• Second quarter ground water monitoring, July 30 and 31,
1985

- HSL volatile and semivolatile organic constituents
- Amenable cyanide
- Total constituent cyanide, fluoride, and nitrate
- Pour total metals (Cr, Fe, Mn, and Se)
- Hexavalent chromium
- Total organic carbon

• Third quarter ground water monitoring, November 4 and
5, 1985

- PCBs (five wells only; HH-4, MW-5, MW-7, MW-8, and
MW-9)

- Amenable cyanide

-Total constituent cyanide, fluoride, and nitrate

- Two total metals (Cr and Se)

- Hexavalent chromium

- Total organic carbon i

- Total organic halogens
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• Fourth quarter ground water monitoring, January 28 Co

30, 1986

- Amenable cyanide
- Total constituent cyanide, fluoride, and nitrate
- Two total metals (Cr and Se)
- Hexavalent chromium
- Total organic carbon
- Total organic halogens

• Final quarter ground water monitoring, November 18 to
20, 1986

i
- HSL volatile, semivoiatile, and pesticide/PCB organic
constituents (both production wells and nine
monitoring wells)

- Amenable cyanide

- Total constituent cyanide, fluoride, and nitrate

- Thirteen total metals (Al, As, Ba, Cd, Cr, Cu, Ft,
Pb, Mn, Hg, Se, Ag, and Zn)

- Hexavalent chromium

• Limited ground water monitoring, January 27 to 29* 1987

- Hexavalent chromium
- Total cyanide.

The complete results for the ground water analytical program are presented in
Appendix D. Summaries of the detected parameters are presented in Tables 4-4
through 4-11.

4.3.7 Ground Water Quality
As indicated, ground water monitoring was originally performed on a quarterly
basis April 1985 through January 1986 with additional monitoring performed in
November 1986 and January 1987. Ground water monitoring results for the above
sampling event* are reported in Appendix D for the program described in
Section 4.3.6*,> Results are summarized for those inorganic and metals
parameters detected above SDWA standards or U.S. EPA water quality criteria in
Tables 4-4 through 4-9.
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Table 4-4 presents a summary of cyanide result* for Chose monitoring well
samples which exhibited values greater than 0.02 mg/1. Monitoring Well MW-3
exceeds the U.S. EPA Water Quality Criteria (UQC) for maximum protection of
human health (0.20 mg/L) with a maximum cyanide concentration of 0.39 ng/l
(considering both upper and lower sampling cones). Monitoring Wells MW-2 and
MH-4 have exceeded the WQC in three out of six monitoring events with maximum
cyanide concentrations of 0.23 and 0.3S mg/l, respectively.

Monitoring Wells MW-5 and MW-6 exhibited detectable cyanide concentrations but
only the January 1987 samples from Monitoring Well MW-5 exceeded the WQC at a
mean concentration of 0.60 mg/l. The U.S. EPA does not currently propose to
establish a regulatory SDWA maximum contaminant level (MCL) or nonregulatory
Recommended Maximum Contaminant Level (RMCL) for cyanide. However, the
U.S. EPA has proposed (Federal Register* Volume 50, No. 219, November 13,
1985) to establish a provisional Average Adjusted Daily Intake (AAOI) of 0.75
ng/l. Should this AADI guidance level be established, none of the monitoring
well results will exceed the U.S. EPA's AADI for consumption of cyanide in
drinking water. All monitoring well cyanide results with the exception of the
January 1987 samples from Monitoring Wells MW-5 are within a factor of two of
the current WQC. Additionally, the above cyanide results represent worst case
conditions due to the proximity of Monitoring Wells MW-2, MW-3, MW-4, and MW-5
to the sludge pit and impoundment.

A summary of chromium results, presented in Table 4-5, indicates that only
Monitoring Wells MW-7 and MW-9 consistently exceeded the SDWA regulatory
standard MCL of 0.05 mg/l, although maximum chromium concentrations were
limited to 0.11 and 0.14 mg/l, respectively. Monitoring Wells MW-2 and MW-3
exceeded the MCL on only one of six monitoring events with maximum values of
0.05 and 0.13 mg/l, respectively.

Monitoring Wells MW-5 and MW-8 did not exceed the MCL of 0.05 mg/l chromium.
Production Well PW-4 only exceeded the MCL on one occasion and chromium was
usually not detectable in most samples. None of the remaining wells exhibited
chromium values above 0.02 mg/l and values were usually less than the method
detection limit.
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Fluoride results, presented in Table 4-6, indicate chat Monitoring Wells MW-3,

MW-4, and MW-9 consistently exceeded the SOWA regulatory MCL of 4.0 mg/1 but
values did not exceed 8.7 ng/1 (MW-4) and were usually within a factor at two
of the standard (i.e., 4 to 8 mg/1). Monitoring Well MW-5 exceeded the MCL on
only one of five, monitoring events. Monitoring Well MW-7 exhibited fluoride
concentration in excess of 1.0 mg/1 but less than 2.6 mg/1. The other wells
(MW-1, MW-2, MW-6, and MU-8) did not exceed 1.0 ng/1 fluoride.

Nitrate results, presented in Table 4-7, indicate that nitrate values were
less than SDWA MCL of 10 mg/1 except for the April 1985 sampling of Monitoring
Wells MU-3 and MW-6 which exhibited nitrate concentrations of 11 and 21 ng/1,
respectively.

Selenium results, presented in Table 4-8, indicate that the SDWA MCI. of 0.010
mg/1 was only exceeded in one of five sampling events in Monitoring Wells
MW-2, MW-3, and MW-5 at concentrations of 0.015, 0.010, and 0.013 ng/1,
respectively.

HSL organic conpound results are summarized in Tables 4-9, 4-10, and 4-11 for
the first, second, and final quarterly ground water monitoring. Results
indicate the sporadic presence of cetrachloroethylenc, toluene, xylene, and
1,3-dichlorobenzene at concentration! slightly above the method detection
limits. Tetrachloroethylene was identified during the first quarterly
monitoring in Wells MW-1, MW-2, and MW-3 at 6.8, 5,3, and 9.7 ug/1,
respectively (Table 4-9). Tetrachloroethylene was not detected in subsequent
quarterly nonitoring. Mo HSL organic compounds were identified above the
U.S. EPA HSL contract required detection limits (CRDL) in the second quarterly
ground water monitoring (Table 4-10). Toluene, xylenes, and 1,3-dichloro-
benzene were detected at the following levels in the final quarterly ground
water monitoring, (Table 4-11):

• Monitoring Well MW-1 - 6.2 ug/l xylenes

• Monitoring Well MU-8 - 13 ug/l 1,3-dichlorobenzene

• Production Well PW-4 - 6.9 ug/l toluene and 13 ug/l
xylenes. >
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Xylcnes and l,3-dichlorob«nzen* were also detected in the corresponding
laboratory nethod blank. Nethylene chloride and acetone were detected in aLl
the final quarterly monitoring well samples as well as the laboratory method
blanks. Because nethylene chloride and acetone are common laboratory con-
taainantSt *nd occurred in the laboratory, field, and rinsate blanks these
results reflect laboratory artifacts and not ground water quality.
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5.0 SURFACE WATER INVESTIGATION

5.1 INTRODUCTION

0000170211

Because the plane site i» situated next to the Tuscarawas River, a surface
water study was conducted during the course of this remedial investigation.
Knowledge of the flov rates, flooding conditions, water quality, and other
characteristics are necessary to achieve an accurate assessment of the
site/river relationship. The effect that the Tuscarawas River may have on the
site is just as important as any possible impact the site may have on the
river, either now or during remediation. The following is a description of
the major features of the river.

5.2 DRAINAGE PATTERNS

5.2.1 Basin Topography
The Tuscarawas River basin lies within the Allegheny Plateau, which has been
divided into two areas based upon the extent of the Pleistocene continental
ice sheet. Tuscarawas County lies within the unglaciated portion of the basin
and, therefore, has a more highly dissected topography with a dendritic
drainage pattern. Relatively low relief sand and gravel glacial outwash
deposits are present in the river valleys, and these deposits may exceed
200 feet in thickness.

5.2.2 Tuscarawas River Basin Drainage Patterns
The Tuscarawas River is one of two main tributaries of the Muskingum River and
flows southward from Akron in the northeast corner of the Huskingum basin. It
meets the WaIbonding River at Coshocton, and this confluence forms the
Huskingun River (ODNR, 1968).

The Tuscarawa* liver is 129.9 miles long with a drainage area of 2,589.7
square miles (Om* 1968). Elevations at the source and mouth are 1,140 feet
MSL and 738 feet MSL respectively, with an average fall of 3.1 feet per
•lie. There are four main tributaries to the Tuscarawas River: Stillwater,
Sugar, Conotton, and Sandy creeks. The drainage areas o£ these four streams
contain over 60 percent of the drainage area for the Tuscarawas River basin.
Stillwater Creek, which is 63.5 miles long, has a drainage area of 485.1
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00001 70^1square miles, *nd joins the Tuscarawa* approximately six miles upstream from ^
Gnadenhutten. This is the last major tributary to join the Tuscarawas River
before the Ualhonding and Tuscaravas Rivers meet in Coshocton.

5.2.3 Site Drainage
Overland flow at the plant site occurs by two methods:

• Surface runoff from rainfall

• Directed water flow from rainfall and plant discharge
water.

Runoff generally flows in the direction of the Tuscarawas River, which is
downgradient from the site. Topographic lows, such as the swamp area on the
river floodplain, are at a higher elevation than the river but are poorly
drained.

Site frontage along the Tuscarawas River encompasses a distance of
approximately 1,000 feet from the Conrail bridge at the upstream boundary to
the County Road 39 bridge (Anaconda Drive) at the downstream boundary. Two
former and four present NPDES permitted outfalls discharge to the Tuscarawas
River along this frontage. Waters draining into these outfalls include:

• Outfall 001 - Casting cooling water (diverted to
Outfall 006)

• Outfall 002 - Cold rolling cooling water

• Outfall 003 - Nonconcact cooling water and roof drains

• Outfall OOA * Coil coating quench water, roof drains,
and parking lot

• Outfall 005 - Treated process wastewater (diverted to
Outfall 006)

• (Xttfall 006 - Casting cooling water and treated process
vater.

Prior to October 1986, water from Outfalls 001 and 005 was discharged into the
swamp area. Since that time, outfalls 001 and 005 were diverted into an
underground pipeline that discharges from Outfall 006 directly into the ,
Tuscarawas River (Figures 1-2 and 5-1).
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5.3 TUSCARAWAS RIVER

5.3.1 Physical Characteristics
The Tuscarawas River gaging station nearest Cnadenhutten is located
approximately 16 miles downstream in Newcomerstown, Ohio. No major stream
joins the Tuscarawas between Gnadenhutten and Newcomerstown; therefore,
measurements obtained at this gaging station would be generally representative
of river flow conditions at the Alsco-Anaconda NPL site.

Since 1938, a series of reservoirs has regulated the Tuscarawas River below
Dover, Ohio, and flow rates are based on data obtained since that time. Low
flow for the Tuscarawas at Newcomerstown is 236 mgd (365 ft3/s) with a median
flow of 769 mgd (1190 ft3/*). The highest flow since 1938 was 14,282 mgd
(22,100 ft3/s) in 1940. The calculated 25-year flow rate is 14,153 mgd
(21,900 ft3/s) (ODNR, 1968).

Flow measurements obtained 2.7 miles down valley of Gnadenhutten in July 1972
(Ohio Drilling Company, 1972) were 276 mgd (427 ft3/s) and 263 mgd (407 ft3/s)
on two-consecutive days.

The Tuscarawas River near Gnadenhutten is 270 feet across at its widest point
(upstream of the site at the railroad bridge adjacent to the U.S. Route 36
bridge) and 120 feet in width at its narrowest point (at the dismantled bridge
ionediately downstream of the plant, along Anaconda Drive). The river depth
averages approximately three feet throughout the wider areas, with a range of
0 feet (at sand bars and islands) to about 6 feet. In the narrow section it
ranges from 12 to 15 feet (beneath the former bridge at Anaconda Drive, in an
anomalously deep area which was dredged to install an optic fiber cable across
the river).

The Tuscarawa* liver water levels fluctuate seasonally and with extreme
rainfall events, even though reservoirs exist upstream to regulate the flow.
During the site survey, the benchmarks on the railroad bridge across the
Tuscarawas River and on the plant Outfall Pipe 006 (Figure 1-2) were
installed. River water levels were measured in February and March 1987
(Table 4-2) from the benchmarks. On February 25, 1987, the water level
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elevations were 813.S and 813.1 feet above HSL at the upstream (railroad
bridgt) and downstream (outfall 006) benchmarks, respectively. On March 26,
19879 the water level elevations at the sane points had dropped 0.3 feet to
813.5 and 812.4. feet above MSL, respectively. The stream gradient between the
two benchmarks is 0.00002 degree*, or 0.001 feet/foot.

3.3.2 Flooding Tendencies
As mentioned previously, a series of four reservoirs (Bolivar, Atwood,
Leesville, and Dover) located above the city of Dover regulates the water
levels and flow rates of the Tuscarawas River (ODNR, 1968). Since 1938, the
maximum flood on record occurred in 1940, with a flow of 22,100 ft3/*. The
following are predicted high flow rates at the Newcomerstown gage (Webber and
Bartlett, 1977):

• Two-year interval - 9,500 mgd (12,700 ft3/*)

• Five-year interval - 10,146 mgd (15,700 ft3/s)

• Ten-year interval - 11,439 mgd (17,700 ft3/s)

• Twenty-five-year interval - 12,990 mgd (20,100 ft3/s)

• Fifty-year interval - 14,153 mgd (21,900 ft3/s)

• One-hundred-year interval - Mot calculated by ODNR
because of flow regulation.

Tuscarawaa River flood flow estimates by the Army Corps of Engineers (Uerndon,
1985) indicate a 50-year high flow rate of 16,800 ft3/* and a 100-year high
flow rate of 30,400 ft3/s at stream mile 37.7 between U.S. Route 36 and County
Road 39; the respective 50-year and 100-year flood elevations are predicted to
be 825 and 827 feet MSL. Since the swamp area and impoundments have
elevations fro* 823 to 824 feet for the former and 823 to 829 feet MSL, for
the latter, enlarge portion of the Alsco-Anaconda NPL site would be inundated

''"̂"•y

during a lOO-jfar flow (Figure 1-2).
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5.3.3 Manmade Structures

Manmade nearby structures near the Alsco-Anaconda NPL site include two bridges
just upstrcasi of the site—a Penn-Central Railroad bridge and a bridge along
U.S. Route 36—both of which cross the Tuscarawas River. Immediately
downstream of the site is a dismantled bridge which previously traversed the
river at Anaconda Drive. NPDES permitted outfalls are also located at the
sice, as discussed in Section 5.2.3.

5.3.4 Surface Water/Ground Water Relationships
The precise relationship between the Tuscarawas River and the ground water is
not known at present. However, the aquifer at Gnadenhutten, as discussed in
Appendix B of this report, consists of unconsolidated fine-grained silt and
sand and coarse-grained sandy gravel* Hydraulic conductivities, therefore*
are likely to be variable. Laboratory analysis performed by IT indicate
hydraulic conductivities of 10"5 cm /s for the silty sand. Calculations of
hydraulic conductivity for Well PW-5 (Appendix B) result in a value of
0.14 cm3/§ for the sandy gravel. When IT personnel developed the wells on
lice, an attempt was made to measure drawdown in the pumping wells; however,
no significant drawdown was measured due to the rapid recovery of water
levels. This is not inconsistent with the hydraulic conductivity calculated
in Appendix B.

Results of pumping tests performed near Gnadenhutten (Ohio Drilling Company,
1972), indicate the aquifer is hydraulically connected with the river. A
reduction of chlorides noted in the pumping well during an aquifer test
(1,000 ppm to 590 ppm) is inferred to be the result of recharge from the
Tuscarawas River (average chloridee content of 268 ppm). The conclusion is
therefore, drawn that any well that is pumping at high rates (>700 gpm) near
the Tuscarawas would eventually approach the chemical composition of the river
water due to C|tt* recharge. This recharge was estimated to range from 15 mgd
per suit to ftifmcd par mile.

5.4 TUSCARAWAS RIVER QUALITY
Data available from the OEPA (STORET data system) does not include results for
most organic compounds and PCBs. Also, the data for Gnadenhuttea and Hew
Philadelphia only represent one year's information compared to eight year's
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from Newcomerstown. Therefore, any comparison between the water quality
upstream and downstream of Gnadenhutten would be very inconclusive. The data
do show very slight increases in aluminum, cadmium, copper, and iron downstream
from New Philadelphia (Table 5*1). Alkalinity (and pH), chloride, nitrate, and
phenols decrcas« slightly. There is no definite trend in chromium, cyanide,
magnesium, manganese, phosphate, and sulfate. The above trends may be caused by
an incomplete data set, as they Are not pronounced.

The elevated concentration of chloride in the Tuscarawas River upstream from
Gnadenhutten is believed to be due to:

• Industrial activity in the Barberton, Ohio area
(Burgess and Niple Ltd., 1984)

• Oil and gas drilling activity upstream of the test site
(Ohio Drilling Company, 1972 and Burgess and Niple,
Ltd., 1984).

Table 5-1 mean iron and manganese levels'exceed U.S. Secondary Drinking Water
Standards (0.30 mg/l and 0.05 mg/l, respectively) in samples taken upstream
(New Philadelphia) and downstream (Newcomerstown) of Gnadenhutten. Other
measured constituents are below the regulated limits.

5.5 TUSCARAWAS RIVER SEDIMENTS
An investigation of the Tuscarawas River sediments was conducted in
November 1986 to determine the levels and extent of PCBs and hexavalcnt and
total chromium in the bottom sediments of the river. A total of 101 sediment
samples were collected along 15 traverses across the Tuscarawas River at
locations upstream, adjacent to, and downstream of the Alsco-Anaconda NPL site
(Figure 5-1). Within each zone* the traverses were spaced 100 feet apart and
were approximately perpendicular to the river banks. Upstream samples were
collected to serve as background. Near-site samples were collected to
evaluate the j*t«ntial contamination from site related sources. Downstream
samples were cm leeted to test for the potential migration of site-derived
contaminants*
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5.3.1 Tuscarawas River Sediment Sampling 000017QfiF
The upstream traverses, RS-1 through R5-3 across che Tuscarawas River, were
located about 1,000 to 1,200 feet upstream from the Conrail bridge,
respectively (Figure 5-1). A total of 26 samples were collected at 30-foot
intervals across the three traverses extended the width of the river. Eight
samples were collected across RS-1, and nine samples were collected across
each of RS-2 and RS-3, with sample numbers increasing from east to west across
each traverse. The sediments 10 to 20 feet outward from the banks were
generally gray to brown, 'fine-grained, soft clay, silt, and sand mixed with
organic matter. The sediments across the channel bottom, away from the shore,
where the water depth was about three feet deep, consisted of brown, white,
black, and green, medium-to-course-grained sand mixed with generally flattened
gravel to one inch in diameter* The sand and gravel included mineral and rock
fragments of quartz, shale, sandstone, and limestone, with some clam shell
fragments.

The near-plant traverses, RS-4 through RS-12, were located along about
900 feet of the Alsco-Anaconda site- river frontage (Figure 5-1)* A total of
52 samples were collected at 20-foot intervals across the nine traverses
extended about half the width of the river from the east bank. Seven samples
were collected along each of traverses RS-4 through RS-7, six along RS-8 and
RS-9, five along RS-10, four along RS-11, and three along RS-12..
Traverse RS-4 was located about 160 feet downstream from the Conrail bridge or
100 feet downstream from Outfall 002. Sequential traverses were spaced
100 feet apart down to RS-12, which extended westward across the river from
County Road 39 (Anaconda Drive) bridge abutment. The width of the channel
decreased from about 270 feet to 120 feet, whereas the average depth increased
from about 3.5 feet to 10 feet, downstream from RS-4 to RS-12. The sediments
along traverses RS-4 through RS-10 and the near-shore samples along RS-11 and
RS-12 were identical in appearance to those collected upstream. However, due
to the faster mrrent in the relatively narrow channel traversed by RS-11 and
RS-12, only coarse- sand and gravel with cobbles to about six inches were
derived toward midchannel.

The downstream traverses, RS-1 3 and RS-15, were located about 1,000 to
1,200 feet downstream from the County Road 39 bridge abutment or traverse
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RS-12, respectively A total of 23 samples were collected at 30-foot
intervals across the three traverses extended the width of the river. Seven
samples were collected across RS-13, and eight sample*'were collected across
each of RS-14 and RS-15. The sediments collected along the downstream
traverses were generally similar to those collected across the upstream
traverses* except the grain sizes were finer in the downstream samples. The
river channel width was about 200 feet, and the average depth about five feet
at these locations.

5.5.2 Tuscarawas River Sediment Analyses
Selected individual samples and representative composite samples of the river
sediments were analyzed for PCBs and hexavalent and total chromium
(Table 5-2). Five composite samples were created from equal weight portions
of the samples from three adjacent traverses as follows:

• Background
- Composite RS-1, 2, 3: Composite of individual samples RS-1-1 through

RS-l-B, RS-2-1 through RS-2-9, and RS-3-1 through
RS-3-9

• Near-Plant
- Composite RS-4, 5, 6: Composite of individual samples RS-A-1 through

RS-4-7, RS-5-1 through RS-5-7, and RS-6-1 through
RS-6-7

- Composite RS-7, 8, 9: Composite of individual samples RS-7-7, RS-8-1
though RS-8-6, and RS-7-1 through RS-9-1 through
RS-9-6

- Composite RS-10, 11, Composite of individual samples RS-10-1 through
12: RS-10-5, RS-11-1 through RS-ll-4 and RS-12-1

through RS-12-2

• Downstream
- Composite RS-12, 14, Composite of individual samples RS-13-1 through
15: RS-13-7, RS-14-1, through RS-14-8, and RS-15-1

through RS-15-8.

The above fivScomposites, plus 36 individual samples, were processed and
analyzed. Among the individual samples, the second sample about 20 to 25 feet
from the east bank (plant side) of the river was analyzed for each of the
near-plant traverses (RS-4-2 through RS-12-2). In addition, the individual
samples across four traverses RS-2, RS-7, RS-10, and RS-14 (Samples RS-2-1
through RS-2-9, RS-7-1 through RS-7-7, RS-10-1 through RS-10-5, and RS-14-1

*

through RS-14-8) were analyzed.
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Results of the river sediment analyses* presented in Table 5-2, indicate that
river sediment chromium species are primarily triv'alent chromium and little
hexavalent chromiua is present. This is expected in typical fluvial
environments, as previously discussed in Chapter 3, because typical pH and Eh
conditions favor the stability of trivalent chromium, and oxidation of organic
carbon will form a redox couple with hexavalent chromium reducing ic to the
trivalent form.

Total chromium concentrations present in the individual sediment samples are
highest for the samples nearest the river'banks and decreases towards the
middle of the channel. This concentration profile corresponds to the grain-
size distribution in the river sediments with the finer-grained sediments
being present along the river banks where water velocities are lowest. The
correlation of higher chromium concentrations with finer grain-sized sediments
is expected because adsorption and/or reduction-precipitation reactions favor
fine-grained sediments. The positive bias in chromium concentrations of fine-
grained sediments skews the results presented in Table 5-2 such that total
chromium concentrations appear to increase adjacent and downstream of the
site. This is because the nearshore RS-X-2 (20 feet from shore) samples were
analyzed at each traverse adjacent to the site. These samples are in the
finer-grained sediments with correspondingly higher chromium concentrations.
Upstream traverses were collected at 30-foot intervals and the near shore
samples are correspondingly closer Co the main channel.

Additionally, a small island is present about 20 f«et from the site river bank
just downstream of Traverse RS-7. River flow forma a minor channel between
the island the site river bank with the main river channel on the opposite
side of the island (Figure 1-2). The sluggish river velocities upstream and
downstream of this area result in the presence of finer river sediments and a
bias for higher chromiua concentrations. Traverses RS-11 and RS-12 were
sampled where the river channel narrowed and the main channel flow moved
towards the site river bank. Accordingly, coarser sediments were encountered
and total chromium concentrations wert correspondingly lower.
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Downstream sediments from Traverses RS-13, RS-14, «nd RS-15 were collected

where the river channel widened from 120 to 200 feet with an average depth of
five feet and a correspondingly lower flow velocity. As a result, downstream
sediments exhibited a fintr grain-size than the upstream (background)
sediments. As a result, downstream total chromium results tended to be
slightly higher. This was particularly noticeable in the sediment composites
in Table 5-2.

The sampling/analytical results for total chromium of individual samples in
upstream, adjacent to site, and downstream classes were compared
statistically. The distributional form of the data was evaluated using the
Hilk-Shapiro test for normality (Shapiro and Uilk, 1963). Data for the
chromium analysis of sediments from each location appear to be accurately
described by the normal distribution, but the variances are apparently unequal
(Steel and Torrie, 1980).

CHROMIUM CONCENTRATION (mg/kg)
SAMPLE MO. OF
LOCATION SAMPLES . .MEAN STANDARD DEVIATION

Upstream 9 67.3 14.3
Near Plant 19 81.2 36.2
Downstream 8 71.0 26.3

The equality of variances was examined using an F-test (Steel and Torrie,
1980). The downstream and upstream reaches may have equal variances, but the
near-plant reach has a significantly larger variance than the other two.
Consistent with these findings, all three locations were compared to one
another using Satterthwaite*s approximation (Satterthvaite, 1946) for the
degrees of freedom, a method which adjusts for unequal variances when applying,
the students t-test. All three locations are not significantly different from
one another with respect to mean total chromium concentration.

There are two reasons why a statistical test may fail to reject the hypothesis
that there is no difference between the data at different locations: either
there actually is no difference in the populations being compared* or the
number of samples collected is too small to provide sufficient discriminatory
power for the statistical test. The site and downstream reaches would have to
have an average total chromium concentration at least 25 nig/kg greater than
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th« average upscream concentration for the statistical test to have v-Jv/Ji i _L£

approximately an 80 percent chance of rejecting, given the number of samples
collected. IT believe* that the sampling effort is sufficient, and that
differences of 25 ing/kg or less do not have practical significance.

The distribution of th« data and the lack of a significant difference in total
chromium concentrations suggest that the variations observed in total chromium
are probably due to a natural process, such as stream velocity/sediment
transport (sedimentation) causing sorting of bed sediments. A typical
traverse across the river would encounter fine-grained clay and silt adjacent
to the bank, with coarser-grained sand and gravel along the main channel
bottom and then finer-grained materials at the opposite bank. The fine-
grained materials have significantly larger surface areas per unit mass, and
therefore tend to sorb greater quantities of metals from the water contacting
the suspended and settled sediment load. The observed difference in variances
may be because both upstream and downstream traverses were conducted with
30-foot sample spacing from one side of the river to the other. However,
near-site traverses were conducted with 20-foot sample spacing less than two
thirds of the way across the river from north to south, and analyses of the
fine-grained samples 20 feet from the north bank are most numerous in Table 5,
biasing the near-site means.

Given the bias in the chromium results, a greater probability exists that the
near-site and downstream traverses would exhibit statistically greater
chromium concentrations than the upstream (background) traverses. However,
the statistical analysis of the individual sediment sample analysis indicates
that the upstream, near-site, and downstream chromium concentrations are
statistically equivalent indicating little or no plant-site impact upon
ambient river sediment chromium concentrations.

PCBs results for the river sediment samples (Table 5-2) indicate that only two
sediment samples exhibited detectable PCB concentrations: RS-9-2 and RS-12-2
at 0.47 and O.ll mg/kg, respectively. Accordingly, PCB contamination of river
sediments does not appear to be an issue for further concern la the remedial
investigation.
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6.0 AIR INVESTIGATION

6.1 INTRODUCTION
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Due co the nature of the waste present at the Alsco-Anaconda NPL site (high
water content, preventing dust or dry waste conditions, and vegetation
overgrowing the waste disposal areas)* in air emissions pathway was not
considered a primary contaminant migration route. Rather, surface and/or
ground water arc the principal means of contaminant transport. Therefore, in

i
accordance with the site work plan, a site-specific air investigation was not
conducted. The following general discussion of regional weather and wind
characteristics serves to present background climatic information.

6.2 WEATHER EXTREMES
As discussed in Chapter 2, Tuscarawas County, Ohio, has moderate weather
extremes (NOAA, 1978), with a mean annual temperature range of 31 to
74.5 degrees Fahrenheit (ODNR, 1968). Mean annual precipitation is 39 inches.
Extreme weather occasionally occurs in the form of tornadoes and thunder-
storms. Extreme rainfall can lead to flooding of the Tuscarawaa River and
tributary creeks. The Tuscarawas River flooding characteristics are discussed
in more detail in Chapter 5.0 of this report.

6.3 WIND SPEED/DIRECTION
There are no weather stations near Cnadenhucten, Ohio which have historic data
in regard to wind speed and direction. Akron is the closest area to the site
with such records. The prevailing wind direction in Akron is south at
approximately 10 miles per hour (NOAA, 1978); however, because Gnadenhuccen
lies in a valley oriented northeast-southwest, it is not clear whether this
information can be correlated to the village of Gnadenhuccen.

6.4 CONTAMINANT CHARACTERIZATION
As discussed in Chapter 3.0, the sludge at the site contains mostly calcium
carbonate, gypsum, and aluminum oxyhydroxide compounds, including cyanide,
chromium, fluoride, plus trace nitrate, volatile organic compounds, and
PCBs. Waste component migration routes are primarily via surface and
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ground water flow because the sludge impoundments are noc lined. The

contaminants present in the sludge have a low potential to migrate via an air
pathway due to the high water content of the sludge and vegetation cover over
the waste disposal areas.
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The scope of work for the Alsco-Anaconda NPL sice. RI did not include a
conprehensive biota survey or a biocontamination study. However, in order to
address concern! for sensitive biota or habitats, information regarding the
potential presence of officially designated endangered or threatened flora and
fauna was requested from the ODNR Division of Natural Areas and Preserves,
Natural Heritage Program. A map showing the Alsco-Anaconda NPL site and
vicinity with concentric circles of 0.5-, 1.0-, 1.5-, and 2.0-tnile radii
around the site was sent along with a data request form to the Natural
Heritage Program. In a letter dated May-21, 1987 to C. Cravotta of IT, the
Natural Heritage Program Data Management Supervisor, P. D. Jones* stated,
"...the Heritage Program has no records for rare or endangered species within
a two-mile radius of the former ARCO-Alsco plant site in Cnadenhuttcn, Ohio.
There are no existing or proposed state nature preserves or scenic rivers in
Tuscarawas County, and we [Heritage Program] are unaware of any unique
ecological sites in the vicinity of your study area (Alsco-Anaconda NPL
site]."
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Sorption of chemicals to organic soil constituents is influenced by lipid
solubility. A measure of lipid solubility is the relative partitioning of a
chemical between octanoL and water. Tetrachloroethylene has the lowest poten-
tial for partitioning to the sorbed phase and thus is likely to be one of the
more mobile chemicals.

Chemical transport in air generally exists in two forms:

• Volatilization to gases/vapors
* Wind dispersion of solids (particulates)

The former is dependent on the ability of a contaminant to diffuse through the
soil and to have a sufficiently high vapor pressure that it will volatilize
under atmospheric conditions. For the VOC group, the individual chemicals
were ranked by vapor pressure (Table 3-18). Organic contaminants sorbed to
the soil and inorganic contaminants as particulates or associated with
particulates can be dispersed by wind to potential receptors. At the Alsco-
Anaconda NPL site, however, the sludges have a high water content and art
covered with vegetation. The organic constituents are present at levels not
expected to result in volatilization to air and participate dispersion is
unlikely. Therefore, air does not represent a potential pathway of concern at
this site. In summary, the pathways of concern in the health evaluation are
ground water transport to the river and direct contact of soils or sludges.

8.5 POTENTIAL RECEPTORS FOR WATER PATHWAY
Human exposure to chemicals from the Alsco-Anaconda NPL site via the water
pathway could potentially result from contact with or ingestion of
contaminated ground water. However, investigation of this site has shown
(Chapter 4.0) that ground water flow is away from the community of
Cnadenhutten and toward the Tuscarawas River. Drinking water for the commun-
ity is derived from a series of wells hydrologically upgradient of the ALsco-
Aaaconda KPL site. Thus, there is no potential for contaminants from this
site to have an impact on community drinking water.

The primary consideration for chemicals migrating from the site in the ground
water is the impact on the river. Ground water flow has been estimated using i
Darcy's equation (Appendix B). Using low flow conditions of the river and
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assuming 100 percent of the ground water flow beneach the sice enters the

/
river, dilution of ground water by the river, under the "worst-case** scenario*
may be represented by:

_.. fc. - fc Ground water volume (L/day) 2,62 x 10Dilution Factor • ——r-:—————;— i. /.—c—*— « ———————=•River volume (L/day) e , ._8
5•7J X iU

- 2.93 x 10"3

The ground water contaminants migrating from the site were also evaluated
assuming that none of the ground water discharges to the river and that the
contaminants are diluted by vertical and horizontal mixing along the flow path
through the aquifer. An analytical approach using the U.S. EFA Vertical
Horizontal Speed (VHS) model was employed (Appendix B) to evaluate chromium
cyanide, fluoride, and arsenic* The VHS model calculations used the sludge
volume at the Alsco-Anaconda NPL site and the maximum concentrations observed
in ground water of chromium, cyanide, fluoride, and arsenic as input. The VHS
model results indicate that at a receptor point 50 meters from the leaching
sludge (at the opposite bank of the river), which is a worst-case example.
none of the above contaminants of concern exceed the SOWA standards or U.S.
EPA WQC (Appendix B). The nearest downgradient water wells are more than
0.5 mile from the site and, thus, would not be impacted.

The Tuscarawas River is not used by the town of Gnadenhutten as a water
supply. However* human exposure to constituents from the site could
potentially occur through drinking the water from the river although this is
unlikely. Since the river is used for recreation, potential exposure may also

occur through fishing, boating, and swimming. These potential receptors are
addressed in the following section.

8.6 IMPACT OF CONSTITUENTS IN GROUND MATER
A* discussed in Chapter 4.0, ground water flow is to the southwest and, thus,
is flowing away from the community of Gnadenhutten and its drinking water
sources. As previously indicated, the primary receptor is considered to be
the river. Estimates of contaminant contribution to the river were made based
on detected levels in ground water and the dilution factor previously
calculated.
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8.6.1 Comparison with Standards and Criteria
Only six contaminants were found above detection liaics in ground water. Of
these, chromium values are reported as total and hexavalent forma. Analytical
data for ground water samples are available for four quarterly periods from
nine monitoring wells around the site (Tables 6-4 through 4-11), The highest
value from these sampling rounds was used to evaluate potential contamination
of the river. The estimated concentrations of constituents in the river have
been compared to Drinking Water Standards, Ambient Water Quality Criteria
(WO.C) Freshwater Fish and Ambient WQC for Water and Fish Ingestion. Table 8-1
shows that all constituents are well below standards and criteria for the
protection of human health and aquatic species. The ambient water quality
criteria developed by the U.S. EPA were based on toxicity data for the most
sensitive aquatic species on which data were available* These criteria, then,
can be considered to be protective of all aquatic species for the particular
constituent of concern. Additionally) estimated concentrations of
constituents in the river are several orders of magnitude below criteria for
water and fish ingestion.

This comparison indicates that swimmers, boaters, and fishermen will not
suffer any adverse effects due to the constituents in the river from the
Alsco-Anaconda KPL site in Cnadenhutten.

8.6.2 Exposure Scenarios for Ingestion of Water from the River
Although chronic exposure to constituents potentially in the Tuscarawas River
is unlikely, a potential exposure scenario for drinking the Tuscarawas River
water was developed. The following assumptions are used:

Scenario I

• Children from 5 to 12 are the receptors

• Average) body weight is 25 kilograms

• Hater ingestion is the only route of exposure to the contaminants of
concern

• The amount of water ingested is 1.25 liters per day (interpolated
from SPHEM, 1986b)
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• For the purposes of this scenario, 100 percent of the w«cer is

ingested from the river and LOO percent of the constituents is
absorbed

Scenario 2

• Adults are the receptors

• Average body weight is 70 kilograms

• Water ingestion is the only route of exposure to the contaminants of
concern

• The amount of water ingested is 2 liters per day (SPHEM, 1986b)

• For the purposes of this scenario* 100 percent of the water is
ingested from the river and 100 percent of the constituents is
absorbed

8.6.3 Bisk Evaluation

8.6.3.1 Estimation of Risk for Nonearcinogens
The potential impacts of noncarcinogcnic constituents arc addressed in this
section.

To evaluate the significance of estimated exposure to noncarcinogens, the
method of deriving a hazard index (SPHEM, 1986b) was used. When constituents
may have both noncarcinogenic and carcinogenic effects, such as tctrachloro-
ethylene, the constituent is evaluated for each.

The risk assessment methodology used by the U.S. EPA for systemic toxicants
generally results in the derivation of an exposure level which is not
anticipated to cause significant adverse effects. These "acceptable levels"
may be expressed in a variety of ways such as acceptable daily intakes (ADD,
reference dose«» levels associated with various margins of safety, or
acceptable concentrations in various media. Levels of exposure arc estimates
obtained following the current regulatory guidelines. For such estimates* the
"hazard index" formula for a mixture of components based on the assumption of
dose addition is appropriate.
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For the ingestion pathway, the chemical-specific is given by:

D.
HT » *r

ip AIC.

where
HI' * hazard index for chemical i at location p by the ingestion

pathway,
r

D- * daily dose by the ingestion pathway for chemical i at location p
(mg/kg/day), and

AIC^ * acceptable intake for chronic exposure by the ingestion pathway
for chemical i (mg/kg/day).

the hazard index does not define dose-response relationships and its numerical
value should not be construed to be a direct estimate of risk. The hazard
index is only a numerical indication of the nearness to acceptable limits of
exposure or the degree to which acceptable exposure levels are exceeded. As
this index approaches unity, concern for the potential hazard of the mixture
increases. Exceeding unity does not in itself imply a potential hazard. It
does suggest that a given situation should be more closely scrutinized.

The hazard index for a given chemical may be defined as the ratio between the
daily intake of that chemical and an estimated ADI for that chemical. The ADI
is commonly derived from animal experiments and is frequently obtained by
estimating the "no observed adverse effect level" (NOAEL) and applying a
safety factor to extrapolate to man.

Usually both chronic and subchronic exposures are considered. However, the
constituents at the present levels detected at the site do not pose a health
risk due to subchronic exposure. In this risk assessment, chronic exposure
will be emphasized. Chronic exposure in humans is considered to be a
significant part of that person's natural life (Versar, 1986). In general,
the body can tolerate higher level* of exposure to a chemical over a shorter
exposure period than over a longer period.

The AIC is defined as the acceptable intake for chronic exposure (U.S. EPA,
1986b). These values are based on empirical data and have not been adjusted
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for site-specific conditions. The AIC values are derived from quantitative
information available from studies in animals (or observations made in human
epidemiologic studies) on the relationship between intake and noncarcinogenic
toxic effects. They are designed to be protective of sensitive populations.

la general, AIC values are based on long-tern animal studies. For a few
chemicals, however, adequate human data are available and are used. The
highest chronic exposure level not causing an adverse NOAEL is determined by
examining literature values from all appropriate animal (or human) studies.
The NOAEL value is then divided by uncertainty factors. A factor of 10 is
used for extrapolation from animal effects to human effects and an additional
factor of 10 is used to account for intraspecies variability. If chronic
studies are not available, subchronic MOAELs are used and divided by an
additional factor of 10 to account for uncertainties in extrapolation from
subchronic to chronic exposures.

In this section, constituent levels in the river were used to calculate the
average daily dose (mg/kg/day) for noncarcinogens. As shown in Tables 8-2 and
8-4, for all constituents the average daily dose is orders of magnitude below
the reference dose, or AOI, for chronic exposure. The hazard indices for a
child and an adult, are 0.06 and 0.03, respectively. These values are well
below unity.

3.6.3.2 Estimation of Excess Cancer Risks
The excess lifetime cancer risk for tetrachloroethylene, a potential
carcinogen, was also calculated. For potential carcinogens, risks are
estimated as probabilities. Incremental risks are calculated for each
chemical using (Da carcinogenic potency factor (an upper-bound confidence
limit on the probability of a response) for that chemical and (2) its absorbed
dose. Cancer in all its forms is a prevalent disease, with approximately one
in every four persons being affected by some form of cancer during their
lifetime. Thus, in a population of one million (I x 10" ) approximately
250,000 persons are likely to contract cancer. Excess cancer risk is
expressed in terms of additional cancers that might be anticipated as * result
of specific exposure to an external influence such as exposure to a carcinogen ,
in drinking water, food, or air. Thus, a 1 x 10 excess cancer risk implies.
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one additional person in one million is likely to contract cancer. In real
terms, it means that 250,001 per million will be affected by cancer compared
with the background of 250,000 per million. A calculation of the excess
lifetime cancer risk due to ingestion is given by:

CR • CPF x CDI

where
CR * lifetime cancer risk,
CPF * carcinogenic potency factor, and
CDI » chronic daily intake (mg/kg/day).

»?The carcinogenic potency factor for tetrachldroethylene is 5.10 x 10 * (SPHEM,
1986b). As shown in Tables 8-3 and 8-5, the excess lifetime cancer risks for

—ft —8a child and an adult are 7.65 x 10 ° and 4.37 x 10 . Both values are more
than one order of magnitude below the 1 x 10~* risk level.

Therefore, even under low flow conditions in the river, the contribution of
constituents from the ground water will not have a significant adverse impact
on public health.

8.6.4 Potential for flic-accumulation
Available data on the potential for bioaccumulation or biomagnification of
these compounds in aquatic life are summarized in this section. Chromium is
not biomagnified in the environment. Chironomid larvae (benthic
invertebrates) bioaccumulate more chromium from water (bioconcentration factor
[BCF] * 3,000) than from sediments (BCP * 0.39). Similarly, in another
survey, the concentration in bottom-feeding fish was lower than in the
sediment. The BCF in fish is 70 to 200, in invertebrates 2,000, and in plants
4,000. Hydrogen cyanide interferes with the enzymes associated with cellular
oxidation; therefore, the compound is either quickly metabolized or the
organism dies. Metal cyanide complexes are known to bioaccumulate but to what
degree is not known. Fluorine is a naturally occurring element in the earth's
crust. Under environmental conditions, it normally occurs as a metal
fluoride. Ho data are available on chronic studies or bioassays for

8-10



carcinogenicity of the fluorides in animals. The LDcn of magnesium fluoride
,in guinea pigs is 1.0 gram per kilogram (g/kg); and for calcium fluoride,
greater than S g/kg. Nitrates are ubiquitous in the environment, occurring
naturally in the earth's crust, and widely applied as fertilizer. Nitrates
are also utilized in tobacco products and in meats. Nitrates are not expected
to be of environmental concern with respect to toxicity to aquatic life.
Selenium is a naturally occurring element in the earth's crust. It has been
observed to have little potential for biomagnification. Bioconcentration
factors are 800 for freshwater plants and 400 for invertebrates and fish.
Tetrachloroethene does not appear to undergo biomagnification in the food
chain. There is some evidence for weak to moderate bioaccumulation in marine
organisms. No data are available on the potential for bioaccumulation in
fresh water aquatic life.

8.7 POTENTIAL RECEPTORS VIA DIRECT CONTACT
Direct contact with the sludge is a potential exposure pathway. Exposure may
result from dermal absorption of contaminants and ingestion of contaminated
sludges. At the present time, the site remains unfenced. Thus, it is
possible that children may be casually exposed to contaminants within the

tboundaries of the swamp and impoundment areas.

At this time, the impoundment and swamp areas are not owned by the present
facility operator. Since plant workers would not routinely visit the sludge
areas to fulfill work duties and would be trespassing, it is unlikely that the
postulated plant worker exposure scenario would occur. However, to be
protective of human health, the potential significance of the exposure of both
children and plant workers to site contaminants is evaluated.

8.8 IMPACT OF DIRECT CONTACT

First, the toxicology of the contaminants of primary concern is examined
briefly, then an exposure scenario is developed that estimates the potential
exposure if it is assumed that activities occur once per week in the areas
with the highest chemical concentrations. •
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8.8.1 Toxicological Studies on PCBs

, PCBs are a class of lipid soluble, synthetic, chlorinated, organic chemi-
cals. Two hundred and nine congeners of PCBs have been identified. The
commercially manufactured mixtures that have been used historically in this
country contain many of these congeners in varying proportions and in varying
percentages of chlorination. Long-term toxic effects of PCBs have been shown
to increase in direct proportion to the average percent chlorination of the
commercial mixture in question.

Despite the numerous studies on PCB toxicity in animals, little quantifiable
data are available on the adverse effects in humans. This gap is particularly
evident for chronic low dose effects, such as those that may occur during
occupational and environmental exposure. However, a few recent and ongoing
studies of electrical industry workers and persons living in the vicinity of
PCB waste sites have made data available on the effects on man of low dose
rates (Haroni et, al., 1981a,b; Fischbein, et al., 1982; and Stehr, et al.,
1984).

Personnel at the Centers for Disease Control (CDC) in Atlanta, Georgia studied
} health effects in communities near toxic waste sites (Stehr, et al., 1984).
Results suggest that community residents were not significantly exposed to
PCB§ from the toxic waste sites. The study by Stehr and colleagues
illustrates the important principle that, although concentrations of chemicals
may be quite high at waste sites, they must be present in environmental
pathways that lead to community exposure before public health is threatened.

The studies by Maroni and coworkers (1981a, 1981b) found no association
between blood levels of PCB and chloracne. However, abnormal findings in
blood chemistries indicative of possible liver damage were observed and were
positively correlated to blood PCB concentrations. Fischbein, et al. (1982),
observed some sltin effects among capacitor plant workers, but no serious
disease was reported.

The carcinogenicity of PCBs has been tested in several animal species. In the
opinion of the International Agency for Research on Cancer (IARC) (1978),
there is experimental evidence for carcinogenic effects of PCBs in rodents.
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This carcinogenicity is associated with the higher chlorinated products (e.g-.i'

Aroclor 1260) but not the Lower (e.g., 1242). There is no conclusive
correlation between PCB exposure and the occurrence of cancer in man.

8.8.2 Toxicological Studies on Metals
Concentrations of a number of metals occur in the swamp, impoundment, and
sludge pit areas of the Alsco-Anaconda NPL site. If the maximum levels
detected are compared against the normal range of background levels occurring
in the soil (Tables 8-6, 8-7, and 8-8), cadmium, chromium, and zinc are the
three metals with significant presence above background. Using the mean
background level for comparison, these metals at their highest concentration
exceed background by 113-, 170-, and 120-fold, respectively. The .chronic
acceptable intake of zinc is significantly higher than either cadmium or
chromium (U.S. EPA, 1986b) and it is the latter metals which should be
considered of more significance in terms of defining the hazard associated
with their presence in the swamp. Although present at significantly lower
Levels (9.5-fold above background), arsenic is considered because of its known
carcinogenic potential. A short summary of the toxic potential of the three
metals of concern follows along with relevant chemistry.

Arsenic
The forms of arsenic likely to be present in the soil at the Alsco-Anaconda
NPL site are unknown. Arsenic has not been detected in ground water and soil
and sludge samples passed EP toxicity tests. Thus, it may be assumed that the
metal is in a relatively insoluble form.

The water solubility of arsenical compounds is highly variable. Arsenic
pentoxide is the most water soluble of all arsenical compounds (ISO micrograms
per liter [ug/l] at 16 degrees Celsius). Arsenic pentoxide slowly combines
with water to form orthoarsenic acid (Uindholz, et al., L976). The acid, in
turn, nay form toxic salts in the soil in combination with other metals
present. The adsorption/desorption processes in soil and sediment also
promote the formation of volatile alkylarsines, leading to potential air
transport loss from soils (Hammond and Beliles, 1980).
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Acute arsenic poisoning usually results from ingestion while chronic poisoning
results from ingestion or inhalation. Inorganic forms are more toxic than
organic forms and the trivalent arsenites are more toxic than the pentavalent
arsenates (Sax, 1984). Natural oxidation favors the conversion of trivalent
arsenic to pentavalent.

Carcinogenicity studies on laboratory animals are inconclusive. In humans,
tumors of the skint lungs, genitals, and visual organs have been associated
with arsenic exposure.

Cadmium

The source of cadmium at the site has not been directly identified but is
probably a by-product of the painting operation that has been ongoing at this
facility. The form of cadmium has also not been identified. The water
solubility of cadmium compounds is highly variable from practically insoluble
(cadmium carbonate) to freely soluble in water (cadmium acetate). Cadmium
ions form insoluble compounds with ferro- and ferri-cyanides (Stokinger,
1981).

A primary route of human exposure is through ingestion. However, cadmium is
poorly absorbed from the gastrointestinal tract (Hammond and Bellies, 1980).
When ingested, the critical target organ is the kidney, with the most common
abnormality being proteinuria (Federal Register, 1985a; Stokinger, 1981).

I ARC has classified cadmium in Group 2B which includes metals where evidence
for carcinogenicity in animals or humans is limited (Federal Register,
1985a). Oral LDegS (the oral LD^g represents the dose which is lethal to

SO percent of a group of animals under given experimental conditions) in the
rats for cadmium and cadmium compounds range from 72 to 950 mg/kg (Sax, 1984).

Chromium
Chromium was used in the painting operations at the ARCO facility. Initially
in the form of chromium sulfate, it was precipitated as chromium hydroxide
prior to disposal. Analytical results indicate that the majority of the
chromium found in the swamp area is in the trivalent state. This is important
since there is no known biological conversion between the two valency states
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and it is hexavalent chromium chat has the more significant toxicity.
p A\Trivalent chromium is in fact an essential element and deficiency leads to /

diabetic-like symptoms (Uammond and Bellies, 1980). The occurrence of
chromium in food and water has not been shown to produce any adverse effects
in man or experimental animals (Hamntond and Bellies, 1980). Absorption is
limited to approximately 1 percent of an ingested dose (Schroeder, et al.,
1962).

The trivalent chromium compounds are amphoteric while the hexavalent compounds
are anionic. As indicated in Chapters 1.0 and 3.0, chromium was precipitated
as chromium hydroxide and, based on EP toxicity data, insoluble hydroxides
exist in the swamp area. As shown in Tables 8-7 and 8-8, out of 40 samples of
surface sludges and underlying soils analyzed for hexavalent chromium, only
two samples contained levels above the detection limit. Therefore, the data
generally indicate that the chromium at the site is not in the hexavalent
form. The maximum level of hexavalent chromium detected at the site was
evaluated in the risk assessment.

Occupational exposure to hexavalent chromium may cause dermatitis, penetrating
juicers on hands and arms, perforation of the nasal septum, and inflammation of
the larynx and liver. Epidemiological studies have shown that inhaled chro-
mate is a carcinogen with bronchogenic carcinoma as the principle lesion.
Hexavalent chromium in drinking water (S ppm) has produced a slightly higher
incidence of malignant forms in mice but trivalent chromium given to rats has
not produced the same effects (Schroeder and Mitchner, 1971; Kanisawa and
Schroeder, 1969).

Mercury
Mercury is considered in this assessment at the specific request of OEPA and
U.S. EPA. Mercury is strongly bound to soil and is predominantly attached to
•oil organic matter. Therefore, the mobility of mercury and compounds in soil
is minimal.

Inorganic mercury is poorly absorbed from the gastrointestinal tract.
Methylmercury is more readily absorbed. Inhaled metallic mercury vapor is
also absorbed.
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Mercury poisoning has been reported after occupational or subchronic
(exposure. Major signs of toxicity include paresthesia of the extremities,

*

impaired peripheral field of vision, slurred speech, and unsteadiness of gait
and limbs.

Pertinent data regarding the chronic oral toxicity teratogenicity or
carcinogenicity of metallic mercury are not available.

8.8*3 lexicological Studies on Cyanide
Because of the industrial processes involved, it is known that the cyanide
detected in the swamp area at the Alsco-Anaconda NPL site was originally in
the form of soluble ferro- and ferri-cyanide complexes. Ferro- and ferri-
cyanide do not have the typical toxic properties of cyanides and may act by
different mechanisms (Hartung, 1982). No toxicity data are available for the
reduced state; however, potassium ferri-cyanide, the closest chemical form,
appears to be only slightly toxic with the oral LDjQ in rats ranging from
1,600 to 3,200 mg/kg (Hartung, 1982). Dogs tolerated 2,626 mg/kg administered
intravenously and rapidly excreted it via the kidney. Poisoning from oral
ingestion seems to have been questionable*

8.8.4 Exposure Scenarios for Direct Contact
As has been previously mentioned, the Alsco-Anaconda NPL site is accessible to
trespassers. In developing a potential exposure scenario to contaminants from
this site, the following assumptions are used:

Scenario 1

• Children from 5 to 12 are the receptors.

• Average body weight for this age group is 25 kilograms.

• With the exception of PCBs, soil ingestion is the only route of
exposure to the contaminants of concern.

• Total soil ingested in a day is estimated to be 100 milligrams
(Paustenbach, et al., 1986). For the purposes of this scenario,
100 percent of the soil ingested is derived from the swamp.

• Dermal absorption is also considered as a route of exposure for PCBs.

• Children are exposed one day per week over a seven-year period.
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• Absorption of the metals* cyanides* and organics following ingestion ̂  ̂  Q* woo
is assumed to be 100 percent.

\
• Of the FCB-contaminated sludge ingested* 100 percent of the PCBs is

absorbed.

• Dermal absorption of PCBs is estimated to be 100 percent at the
request of the Office of Solid Waste and Emergency Response* OWPE,
and also 20 percent, as discussed below.

Scenario 2

• Workers at the Alsco plant are the receptors.

• Average body weight for this age group is 70 kilograms.

• With the exception of PCBs, soil ingestion is the only route of
exposure to the contaminants of concern.

• Total soil ingested in a day is estimated to be 100 milligrams
(Paustenbach, et al.f 1986). For the purposes of this scenario,
100 percent of the soil ingested is derived from the swamp.

• Dermal absorption is also considered as a route of exposure for PCBs.

• Workers are exposed one day per week over a 40-year working life.

• Absorption of the metals* cyanides, and organics following ingestion
is assumed to be 100 percent.

I
• Of the PCB-contaminated sludge ingested* 100 percent of the PCBs is

absorbed.

• Dermal absorption of PCBs is estimated to be 100 percent at the
request of the Office of Solid Waste and Emergency Response* OWPE*
and also 20 percent* as discussed below.

A 20 percent dermal absorption factor for PCBs in an eight-hour work day
exposure is health protective since Wester et. al. (1983) have shown that the
dermal absorption of PCBs by the rhesus monkey was only about ten percent over
a 48-hour period. For the guinea pig* a species that is less similar to man
than the monkey, dermal absorption was about 18 percent over 48 hours.

8*8.5 Cadmium* Chromium, Cyanide* and Mercury Risk Evaluation
Based on a review of data for sludges and adjacent or underlying soils, the
maximum concentrations of cadmium, chromium, cyanide* and mercury were
evaluated for risk via ingestion only. This is the pathway of concern for the
metals under consideration. The dermal pathway is not considered a pathway of
concern for these constituents at these levels.
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For soil ingestion, the total amount (TA) of a chemical absorbed (in C291733
milligrams) during the exposure period is:

TA * (C) (IR) (Y) (E) (YR) (ABSg)

where
C « concentration of contaminant in soil (mg/kg),
IR * soil ingestion rate (100 ma/day),
Y * conversion factor (1 kg/10 mg),
E * number of exposures per year (52 days per year),

YR * number of years site is visited per lifetime (7 years for child,
40 years for adult), and

ABSg » absorption factor through gut (1.0).

The lifetime average daily dose of each chemical absorbed (in mg/kg/day) is
calculated by:

ADD - (TA) (I/O (1/BW)

where
L * 25,550 days per lifetime and
BW * average body weight (25 kilograms for child and 70 kilograms for
adult).

An average daily dose was used to calculate a hazard index for each
constituent for a child and a worker. As shown in Table 8-9, the total hazard
index for children is 0.020 and for a worker 0.041. These values are well
below unity* Based on this evaluation, the metals detected at the site do not
pose a hazard in a no-action scenario.

6*8.6 Arsenic
Arsenic is considered a carcinogen; therefore, a carcinogenic potency factor
(U.S. EPA, 1986b) and the average daily dose are multiplied to te£in« the
excess cancer risk associated with intakes of arsenic above background levels
(Table 8-10). The carcinogenic potency of arsenic via the oral route of
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exposure has recently been evaluated for the U.S. EPA by the Risk Assessment
Forum (RAF, 1987). The recommended carcinogenic potency factor is
1.7S mg/kg/day"" . In addition, the RAF recommended that the cancer risk value
that results from multiplying the carcinogenic potency factor by the chronic
daily intake should be lowered by one order of magnitude to reflect the RAF's
"judgment of the seriousness of impacts of the exposure, primarily the limited
likelihood of inducing lethal cancer" (RAF, 1987).

The average daily dose via ingestion was calculated, as explained in
Section 8.8.5, and multiplied by the cancer potency factor to obtain the
excess lifetime cancer risk. Excess lifetime cancer risk was calculated as
detailed in Section 8.6.3.2.

In developing the exposure scenario for ingestion, the upper bound of the
range of input factors has been consistently assumed, including number of
exposure incidents, amount of skin surface area being completely covered with
contaminated soil, and availability of the contaminated soil for exposure.
The resulting risks for a child and a worker due to arsenic exposure are
5.68 x 10 and 1.16 x 10 , respectively. Placing the risk values into the
context of the site itself, it is highly unlikely that any actual exposure
scenario would approach even these numbers for potential carcinogenic risk.

8.8.7 PCBs Risk Evaluation
A wealth of toxicological information exists from which an acceptable daily
dose can be recommended. However, at the request of the OEPA, the
carcinogenic potency factor (CPF) from the SPHEM has been used to calculate
excess cancer risk associated with PCBs at the subject site. The CPF is based
on Aroclor 1260 and assumes all PCBs are equivalent to Aroclor 1260 in
potential carcinogenic potency. However, long-term bioassays conducted in

rodents showed that Aroclor 1254 was not carcinogenic. The aroclors detected
were 1248 and 1254; Aroclor 1260 was not detected on the Alsco-Anaconda NPL
•ite. Therefore, the use of the CPF is conservative.

PCB Risk Characterization
Even though an acceptable daily dose can be calculated based on the litera-
ture, the estimated daily dose has been calculated and multiplied by the
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carcinogenic potency factor to evaluate the level of risk in the most
conservative fashion. Intake via ingestion was calculated as explained in
Section 8.8.5, where ABS - 1.0 for PCBs.

The TA of a chemical absorbed through the skin (in milligrams) during the

exposure period is:

TA - (C) (CR) (Y) (E) (YR) (ABS )
g

where

C * concentration of contaminant in soil (mg/kg),
CR * soil contact rate (mg/day) (478.5 mg/day, equal to the skin

surface area exposed times the quantity of soil adhering to the
skin in an exposure episode,

Y » conversion factor (1 kg/10* mg),
E * number of exposures per year (52 days/year),

YR * number of years site is visited per lifetime (7 years for child
and 40 years for adult), and

ABS * absorption factor through skin (two scenarios - 1.0 and 0.2).

The lifetime daily dose of each chemical absorbed (in mg/kg/day) is calculated
by:

AVERAGE DAILY DOSE » (TA) (1/L) (1/BW)

where
L - 25,550 days per lifetime and

BW » average body weight (25 kg for child and 70 kg for adult).

Total intake of PCBs was estimated for two exposure scenarios, upper-bound
exposure and average exposure, on those days when someone has direct access to
the swamp area (Table 8-11 and 8-12). As shown in Table 8-11, the estimated
total intake of PCBs for a chiJjLjs 2.67 x 10"5 using the average exposure
scenario with 100 percent dermal absorption, 9*01 x 10 with 20 percent
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dermal absorption and 9.9 x 10 using the upper-bound exposure scenario with

100 percent dermal absorption, 3.34 x 10~4 with 20 percent dermal
absorption. The" estimated total intake of PCBs for an adult is 5.04 x 10"5

using the average exposure scenario with 100 percent dermal absorption,
1.83 x 10 with 20 percent dermal absorption and 2.0 x 10 using the upper-
bound exposure scenario with 100 percent dermal absorption, 6.81 x 10 with
20 percent dermal absorption (Table 8-12). These estimates were based on the
child playing or the adult working on the most highly contaminated area and
being exposed to 80.8 mg/kg PCBs (average exposure scenarios) and 3,000 mg/kg
PCBs (upper-bound exposure scenario). The excess cancer risks incurred by a
child are 2.05 x 10 and 6.94 x 10 for the average exposure scenario using
100 and 20 percent dermal absorption respectively, and 7.63 x 10 mnd

2.58 x 10 for the upper-bound exposure scenarios using 100 and 20 percent
dermal absorption, respectively. The excess cancer risks incurred by a worker
are 4.18 x 10~ and 1.41 x 10~ for the average exposure scenario using 100
and 20 percent dermal absorption, respectively and 1.54 x 10 and 5.24 x 10
for the upper-bound exposure scenarios using 100 and 20 percent dermal
absorption, respectively.

A review of Tables 3-15 and 3-17 shows that 74 samples were taken of soils
adjacent to and underlying the swamp sludges. Only five samples, samples of
soil underlying the sludge to a depth of one foot, have levels of PCBs
detected above 10 mg/kg. Those samples are 1-6, J-6, J-9, K-5, and K-6. In
two samples, 1-6 and J-6, PCBs were detected at a level of 11 mg/kg. The
remaining three samples, J-9, K-5, and K-6, had levels of PCBs detected at 23,
19, and 23, respectively. Due to general earth excavation practices, if Area
4 sludge were to be removed, approximately 6 to 12 inches of additional soil
would be expected to be removed also. The one-foot layer of underlying soil
in which 23 mg/kg PCBs were detected would be removed with the sludge. The
•ice data indicate that PCB levels between a range of 12 inches can decrease
by an order of magnitude. Therefore, after Area 4 sludge removal, levels in
the remaining soils can be expected to be below 10 mg/kg.

The excess carcinogenic risk was also evaluated for Areas 1, 2t 3, and 5 only,
excluding Area 4. Estimates of the average daily dose were based on the child
or worker being exposed to 4.89 mg/kg PCBs (average exposure scenario) and
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110 mg/kg PCBs (upper-bound exposure scenario). The excess cancer risks
potentially incurred by a child and a worker are shown in Tables 8-13 and
8-14. The excess cancer risks incurred by a child are 1,24 x 10~5 and
3.2 x 10~° for the average exposure scenarios using 100 and 20 percent dermal
absorption, respectively and 2.79 x 10~ and 9.45 x 10 for the upper-bound
exposure scenarios using 100 and 20 percent dermal absorption, respectively.
The excess cancer risks incurred by a worker are 2.52 x 10 and 8.55 x 10
for the average exposure scenarios, using 100 and 20 percent dermal

—4 -4absorption, respectively, and 5.69 x 10 and 1.92 x 10 for the upper-bound
exposure scenarios using 100 and 20 percent dermal absorption, respectively.
These risks are above the 1 x 10* target level. In conclusion, the PCBs in
the sludge in Areas 1, 2, 3, and 5 pose an undue risk to the potential
receptors evaluated.

8.8.8 Organic Constituent Risk Evaluation
Sludges and soils were analyzed for organic constituents. Levels of several
volatile and acid/base-neutral extractable compounds were found predominantly
in southern impoundment sludges as discussed in Chapter 3.0. Tables 3-11 and
3-13 indicate that organics were not detected in soils underlying the impound-
ment areas. As shown in Appendix A and summarized in Tables 3-9, 3-11, and
3-13, the values detected above detection limits were used in this risk
evaluation. Values of constituents also found in the sample blanks were
considered to be laboratory artifacts and were not included.

The maximum level of organic constituent detected, shown in Table 8-15, was
used in the calculation of estimated daily intakes via the ingestion and
dermal routes for both a child and an adult employee. As shown in Tables 8-16
through 8-19, the total hazard index for a child and adult is 0.01 and 0.005,
respectively. The total hazard index for children and adults is at least two
orders of magnitude less than unity. Additionally, excess lifetime cancer
risks for carcinogens are below the target risk level. Therefore, the organic
constituents detected at the site do not pose an unacceptable risk to human
health based on the no-action alternative.
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8.9 IMPACT ON WILDLIFE f291738
As the site is unfenced, there is potential for wildlife to come in contact
with the sludges on the site. This section provides a review of the toxic
effects on wildlife of the compounds found in the sludge. This information is
summarized from the appropriate U.S. EPA Health Effects Assessment documents
(U.S. EPA, 1984a-k). The available evidence suggested that these compounds
have low potential for causing a toxic effect to wildlife due to the moderate
to high NOAEL and the occasional contact of the wildlife with the site.

Arsenic
The subchronic oral toxicicy of arsenic has been investigated in dogs. For
sodium arsenite or sodium arsenate, the NOAEL was determined to be a 50 mg/kg
diet. The NOAEL for chronic oral consumption of arsenic by rats was
determined to be a 100 mg/kg diet when arsenic was administered as sodium
arsenate or lead arsenate. Investigations of carcinogenicity in animals by
oral bioassay have generally produced negative results.

Barium
Investigations of the subchronic toxicity of barium in rats have been
inconclusive as no clear pattern of dose effect or dose duration could be
established. The only effect that was detected was a change in adrenal weight
but this effect was not dose related. Under conditions of chronic oral
exposure, based on rat experiments, the U.S. EPA established a NOAEL of
0.51 mg/kg body weight (bw)/day and a lowest observed adverse effect level
(LOAEL) of 5.1 mg/kg bw/day. Oral bioassay studies of carcinogenicity in both
mice and rats failed to show a statistical difference in tumor incidence

between controls and treated animals at lifetime drinking water levels of
5 mg Ba/l.

Cadmium
Cadmium is poorly absorbed following oral administration. Several studies
have shown that about 2 percent of orally administered cadmium was absorbed by
experimental animals. The U.S. EPA has established a LOAEL of 301 yg Ca/day,
corresponding to 0.004 mg Ca/kg bw/day. Oral bioassays have generally failed
to find an effect of cadmium on tumor incidence in mice or rats.

8-23



31738

*

ChromiumAbsorption of chromium is estimated to be about 3 to 5 percent in rats
following oral administration. A NOAEL for rats was calculated to be
2.50 mg/kg/day based on a subchronic study of potassium dichrornate in drinking
water. A single chronic study of oral toxicity in dogs indicated no effects
at any treatment level. From these data, a NOAEL of 0.089 mg Cr(VI)/kg/day
vas calculated. No data are available regarding the carcinogenicity of orally

administered Cr(VI) in animal systems.

CopperDietary levels of about 200 ppm (2.5 mg Cu /kg bw/day) copper were used as
growth promoters in the production of market hogs. The National Academy of
Sciences (NAS) has given 15 ppm copper in pig feed a generally recognized as
safe (GftAS) designation. No data on chronic exposure of laboratory animals to
copper are available. Bioassay studies for carcinogenicity in mice and rats

have generally proved negative.

IronIron is absorbed from two natural dietary sources, heme iron from meats and
uonheme iron from grains and vegetables. The subchronic toxicity of iron to
animals depends on the form of iron. Oral LDj0 values in animals range from
12 mg/kg for iron carbonyl in rabbits to 4,000 rag/kg for ferric dimethyl-

dithiocarbamate in rats. Ferrous sulfate had oral LD^QS ranging from
319 mg/kg in rats to 979 to 1,520 mg/kg in mice. Pertinent data on the
chronic oral toxicity of iron in animals were not available. Ho data
resulting from oral bioassay studies of carcinogenicity were available.

LeadStudies of subchronic exposure of rats to lead permitted a LOAEL of 0,5 mg/kg
bw/day to be calculated. A LOAEL of 0.5 mg/kg bw/day was also calculated for
chronic oral toxicity of lead in experimental animals. Several oral bioassay

studies have associated specific lead salts with tumor formation in

experimental animals.
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Manganese
>Manganese is a nutritionally required trace element that is poorly absorbed
from the diet; about 3 to 4 percent of the orally administered dose was
absorbed in rats. The acute toxicity of manganese and its compounds varies
with the chemical form. Adequate studies of chronic oral exposure in
laboratory animals are not available. A single oral bioassay study for
carcinogenicity indicated a difference in effects between controls and treated
animals.

Mercury
No reports on the subchronic toxicity of orally administered mercury other
than methylmercury are available. Rats fed diets containing mercuric acetate
showed no treatment-related effects at levels below 40 ppm mercury. Studies
on the carcinogenic potential of mercury in experimental animals were not
available.

PCBs
PCBs have been extensively studied. The results of several investigations
which led to calculation of LOAELs for subchronic oral exposure are as
follows: Frank exposure level (PEL) of 20 ppm Aroclor 1260 or 1254 for rats;
LOAEL of 5 ppm Aroclor 1242 for rats exposed for up to six months; LOAEL of
10 ppm Aroclor 1254 for rats; LOAEL of 3.75 ppm Aroclor 1254 for mice; NOAEL

of 2 ppm Aroclor 1254 for nonreproductive parameters in female mink. Studies
of chronic oral exposure have generally been designed to investigate the frank
effects of PCBs and LOAELs could not be calculated from the data. Oral
bioassay studies on carcinogenicity are inconclusive. Kanechlor 500 has been

shown to be carcinogenic in mice and Aroclor 1260 in rats.

Zinc
The oral absorption of zinc is dependent in part upon the existing zinc levels
in the body* the dietary levels of other nutrients and protein, and the
chemical form of zinc. For animals, a NOAEL of 95 mg/kg/day for rats and
188 mg/kg/day for mice was calculated from studies of subchronic oral exposure
to zinc. A study of rats exposed to zinc chloride resulted in a calculated
NOAEL of 125 mg/kg/day. A study using cats resulted in a NOAEL of
76.4 mg/kg/day. Under conditions of chronic oral exposure, a NOAEL of
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250 mg/kg/day was calculated for rats ingesting zinc oxide and 125 mg/kg/day
for rats ingesting zinc dust. No bioassay studies for carcinogenicity of zinc
in animals were available.

8.10 UNCERTAINTY ANALYSIS
The risk assessment process makes use of certain assumptions that help define
the specific set of circumstances under review. These assumptions allow the
evaluation to proceed in the face of incomplete data but a degree of
uncertainty is associated with the risk assessment. The magnitude of the
uncertainty was minimized or accounted for by using health-protective
assumptions and by utilizing upper-bound values for estimated parameters,
where appropriate. Specific areas of uncertainty associated with this site
and the steps taken to account for them include the following:

• The chemical analytical data base is believed to be sufficiently
comprehensive to allow a reasonable assessment.

• The selected exposure scenarios, that of children and workers exposed
for defined periods of time, are judged to be more rigorous than any
expected contact with the site.

• Minor potential exposure pathways have been evaluated but have not
been characterized because there is no evidence of likely
occurrence. These pathways include ingestion/dermal absorption by
swimmers.

• Chemical transformation products due to photochemical or biological
interactions are believed to be less toxic than the parent chemicals
and have not been characterized.

• The dilution factor utilized to assess impact on the river has been
estimated from limited data on ground water flow and river volume.
The worst case data were utilized and most likely overestimate
potential impact on the river.

• The toxicity to humans of PCBs and the other chemicals of concern has
not been well established and is generally extrapolated from animal
studies. Health protective assumptions were used in the
extrapolation protocol.

• Human ingestion, absorption, and biotransformation rates of the
chemicals of concern have been estimated from available data for
other chemicals.
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8.11 CONCLUSIONS
The principle environmental migration pathway for contaminant transport from
the Alsco-Anaconda NPL site is water transport. The air pathway is not
considered significant due to the high water content of the waste sludge on
site and vegetation covering the waste disposal areas.

Dilution calculations have shown that, even under low flow conditions in the
Tuscarawas River, the contribution of contaminants from the ground water will
not have a significant impact on the public health or the environment. No
other ground water receptor has been identified.

A potential direct contact exposure scenario for two subpopulations was
employed to assess the possible human health risks posed by contamination of
the Alsco-Anaconda NPL site in Gnadenhutten, Ohio. These target
subpopulations were defined to be children, ages 5 to 12 (average weight
25 kilograms) and adult workers with an average weight of 70 kilograms.

Of the potential contaminants found on the Alsco-Anaconda NPL site, only
arsenic, cadmium, chromium, cyanide, and PCBs were found at levels thought to
pose a potential hazard to human health. By comparing cadmium, chromium, and
cyanide to established U.S. SPA standards for acceptable daily intake, the
hazards posed by these compounds were shown to be, both individually and in a
multiple exposure scenario, well below the U.S. EPA guidelines for a potential
risk to human health.

Arsenic was evaluated with respect to carcinogenic effects on human health.

The possible risk to human health posed by the presence of arsenic was
estimated using a carcinogenic potency factor derived by the U.S. EPA. Excess
cancer risk for arsenic ac the Alsco-Anaconda NPL site was found to be
5.68 x 10*' and 1.16 x 10~° for a child and adult, respectively, based on the
scenarios postulated. The affected population would be those exposed through
direct contact with the soils only.

For PCBs, excess cancer risk was calculated using the U.S. EPA carcinogenic
potency factor, which are data developed for carcinogens and potential
carcinogens. Based on this health-protective scenario, excess cancer risk
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exists for those subpopulations who come in direct contact with the Area A
sludges and Area 1, 2, 3 and 5 sludges at the site. Direct contact with the

*

remaining sludges and soils does not pose an unacceptable level of risk based
on a total hazard index and risk characterization for both children and
adults.

Organic constituents were evaluated with respect to both subpopulations. The
hazard indices for a child and an adult worker are 0.01 and 0.005, respec-
tively. Excess cancer risks due to organic carcinogens for a child and an

—R »fladult are 1.38 x 10 ° and 2.81 x 10 , respectively. The organic constituents
do not pose an undue risk at the site. Available data on the impact of these
compounds on aquatic and wildlife suggest low potential for causing a toxic
effect.
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TABLE 1-1

CHRONOLOGY OF ARCO CNADeNUUTTCM SITE

00001746

Site Ownership and Development

1948

1949-1960

1965

August 1971

1972

January 1977

1978

Harvard Industries established the Alsco plane and began
manufacture of aluminum siding and coated coil at the facility

Additions to plant structures and product line

Construction of sludge settlement basin

Anaconda Company purchased the Alsco plant

Major expansion to plant

ARCO Chemical Company purchased the Alsco plant

Filter press installed to dewater sludge; settlement lagoon
taken out of service, but clarified water routed through
lagoon to swamp until rerouted directly to swamp in 1980

October 1984 U.S. EPA proposed site for inclusion on NPL

November 1984 ARCO retained IT to perform RI/PS

March 1985 RI activities begun on site

June 1986 Site formally listed on NPL

December 1986 Horsehead Industries purchased Alsco plant; ARCO retained
ownership of NPL site property

February 1987 Consent order between U.S. EPA, OEPA, and ARCO issued for
public comment

Wastewater Treatment

Prior to 1965 Uastewater discharged untreated to Tuscarawas River

1965 to 1972 Wastewater discharged to settling lagoon; untreated effluent
overflow discharged to river

January 1971 Industrial Waste Permit received from Ohio

May 1971 NPDES permit applied for to discharge 72,000 gal/day

March 1972 Chromium reduction system linked in wastewatcr treatment;
treated wastewater discharged to lagoon

1974 Chromium reduction system enlarged



TABLE 1-1
(Continued) 00001747

1978

November 1980

1986

October 1986

Lamella (plate and frame) filter press installed for sludge
dcwatering; clarified water discharged to lagoon

Clarified water rerouted to bypass lagoon, discharged to swamp

Sand filter added to wastewater treatment system

Treated, clarified wastewater discharge rerouted from swamp to
NPDES permitted outfall to river
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TABLE 1-2
(Continued)

2. Swamp area sludge and underlying soil sampling

a. Forty sludge and subsurface soil samples collected on 75-foot by
50-foot grid system from April 5, 1985 to April 8, 1985

b. One hundred and forty sludge and subsurface soil samples collected
on a 37.5-foot by 25-foot grid system from November 24 to December
2, 1986 and then repeated from January 19 to 22, 1987

c. Forty-nine sludge and soil samples collected on a 18.75-foot by
12.5-foot grid and an extended 37.5-foot by 25-foot grid on
March 26, 1987.

3. River sediment sampling

a. One hundred and one bottom sediment samples collected along
fifteen traverse* from November 11 to 14, 1986. Twenty six
upstream and twenty three downstream samples collected at 30-foot
intervals across six traverses extended the width of the river)
fifty-two near-plant samples collected at 20-foot intervals across
nine traverses half the width of the river

4. Soil boring program and sampling

a. Nine soil borings to a depth of 50 feet from March 18 to April 9,
1985

5. Monitoring well installation

a. Nine monitoring wells, MW-1 through MV-9, installed from March 18
to April 9, 1985

6. Monitoring well and site survey

7. Ground water level measurements and sampling (monitoring)

a. First quarter ground water monitoring, April 9 to 12, 1985

b. Second quarter ground water monitoring, July 30 to 31, 1985

c. Third quarter ground water monitoring, November 4 to 5, 1985

d. Fourth quarter ground water monitoring, January 28 to 30, 1986

e. Final quarter ground water monitoring, November 18 to 20, 1986

f. Limited ground water monitoring, January 27 to 29, 1987

g. Water table measurements, July 17, 1986, September 29, 1986, and
February 25, 1987



-z 00001750
(Continued)

8. Exploratory trench excavated through paved parking area on October 2,
1986.

F. Laboratory Program

1* Settlement lagoon and sludge pit samples

a* Sludge and soil sample composites and selected individual soil
samples

- Total constituent and E.P. toxicity cyanide, fluoride, nitrate,
17 metals, and HSL organic parameters

b. Test pit vertical composite samples

- Thirteen composites for E.P. toxicity cyanide, fluoride,
nitrate, and 14 metals

- Eleven composites for HSL organic parameters

c. Test pit samples

- Fifteen samples - Total constituent cyanide, fluoride, nitrate,
17 metals, and USL organic parameters

- Five samples - X-ray diffraction

- Five samples - permeability testing

2. Swamp area sludge and underlying soils

a. Sludge and soil composites

- Total constituent and E.P. toxicity cyanide, fluoride, nitrate,
17 metals, and HSL organic parameters

b. Individual sludge and soil samples

- Two hundred and twenty samples for polychlorinated biphenyl
(PCB) analysis

3. River seminent samples

a. Thirty-six individual and five composite samples for total
chromium, hexavalent chromium, and PCBs

4. Soil boring samples

a. Twenty-seven soil samples for total constituent and B.P. toxicity
cyanide, fluoride, chromium, iron, and manganese



TABU! W 00001751
(Continued)

5. Quarterly ground water monitoring samples * Nine monitoring wells and
two production veils

a. First quarter ground water monitoring, April 9 and 12, 1985

- HSL organic parameters (six wells only) and total and amenable
cyanide, fluoride, nitrate* and 14 nctais

b. Second quarter ground water monitoring, July 30 and 31, 1985

- HSL organic parameters and total and amenable cyanide* fluoride,
nitrate, total and hexavalent chromium, iron, manganese,
selenium, and total organic carbon

c. Third quarter ground water monitoring, November 4 and 5, 1985

- PCBs (five wells only) and total and amenable cyanide* fluoride,
nitrate, total and hexavalent chromium, selenium, total organic
carbon, and total organic halogens

d. Fourth quarter ground water monitoring, January 28 to 30, 1986

- Total and amenable cyanide, fluoride, nitrate, total and
hexavalent chromium, selenium, total organic carbon, and total
organic halogens

e. Final quarter ground weter monitoring, November 18 to 20, 1986

- HSL organic parameters (both production wells and upper zones in
monitoring wells), total and amenable cyanide, fluoride, and
nitrate, and 14 metals (both production wells and upper and
lower zones in monitoring wells)

f. Limited ground water monitoring, January 27 to 29, 1987

- Hexavalent chromium and mercury

C. Preparation of the RI/FS Report

1. Draft* Revision 0.0, Hay 1987
2. Draft, Revision 1.0, August 1987
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TABLE 3-1

SLUDGE EXTEHT, THICKNESS, AND VOLUME
AiCO SITE

CHADENHUTTEV, OHIO

LOCATION(a)

Sludge Disposal Pic

Sludge Settlement Basin
Northern Impoundment
Southern Impoundment
Earthen Berm Divider

Swamp

Are* No. 1
Area No. 2
Are* No. 3
Area No. 4
Area No. 5

Total Site

APPROXIMATE
AREA(b)
(ft2)

5,773

13,800
6.400
5,900
1,500

53,500

11,600
11,500
5,300
19,200
5,900

73,075

AVERAGE
THICKNESS(c)

(ft)

7.1

7.9
7.4
3.S
7.9

1.7

1.6
1.7
0.8
2.1
1.1

3.2

APPROXIMATE
VOLUHE(d)

(ft3)

41,000

109,360
47,360
50,150
11,850

88,580

18,680
19,780
4,080
39,550
6,490

238,940

(yd3)

1,520

4,050
1,750
1,860
440

3,280

690
730
ISO

1,470
240

8,850

(a)Locations are shown on the ARCO AUco site plan (Figure 1.2).
(b)Areas in square feet (ft ) art estimates based on the site plan and sludge

thickness maps (Figures 1.2 and 3.1).
(c)Average thicknesses in feet (ft) are based on November 1986 sample data.

For the total settlement basin and swamp areas, the values are areal
weighted averages.

(d)Approximate volume in cubic feet (ft ) of sludge is the product of the
area and average thickness estimates. The volume in cubic yards (yd )
is derived by dividing the volume in cubic feet by 27.
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TABLE 3-3 00001754
SUMMARY OP HYDRAULIC CONDUCTIVITY RESULTS

TEST PIT SLUDGES AND SOILS**)
ARCO CHEMICAL COMPANY
CNADENHUTTEM, OHIO

SAMPLE IDENTIFICATION DEPTH
(ft) SOIL TYPE TEST

GRADIENT

HYDRAULIC
CONDUCTIVITY
K2Q (cm/sXb)

Between TP-2 and TP-3 7.55 Brown iilty fine sand 53 9.59 x 10-6

TP-5 3. OS Sludge 50 6.56 x 10-7

TP-7 2.50 Sludge 49 6.56 x

TP-7

TP-11

7.10 Black silty fine sand

6.0 Brown silt

59

43

1.43 x 10

4.93 x

-7

(a)TesC pit soil samples were collected from April 1, 1985 to April 3, 1985.
(b)The hydraulic conductivity, K20, is expressed in centimeters per second at

20 degrees Celsius CO.
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TABLE 3*4

SUMMARY OP X-RAY DIFFRACTION RESULTS
TEST PIT SLUDGES(a)
ARCO CHEMICAL COMPANY
CHADENHUTTCN, OHIO

SAMPLE IDENTIFICATION QUALITATIVE ELEMENTAL COMPOSITIOM(b)

Ttst Pit No. 6, 2-3* Aluminum, Calcium, Magnesium, Sulfur, Chromium
Silicon, Phosphorus, Iron

Test Pic No. 7, 4.5' Aluminum, Calcium, Silicon, Chromium, Phoiphorus,
Magnesium, Sulfur, Iron

Test Pit No. 8, 1-2' Calcium, Magnesium, Aluminum, Sulfur, Chromium,
Silicon, Iron

Test Pit No. 9, 3* Titanium, Silicon, Aluminum, Potassium, Iron,
Calcium, Magnesium, Chromium

Test Pit No. 13, 3* Calcium, Magnesium, Sulfur, Aluminum, Silicon,
Chromium

(a)Tcst pit sludge samples were collected from April 1, 1985 to April 3, 1983
(b)The identified elements are presented in their approximate order of

abundance.
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t*M*

SUMMIT Or I. P. TOKIC1TT TEST METHOD RESULTS
APRIL 19« INPOUMMBIIT A«D SLUDCV TEST PIT VERTICAL COWOtlTt

AACO CVMICAL COMPANY
OHIO

PARAMETERS

Cyanide, Amenable

Cyanide. Total

Fluor id*

Nilralv

H*i»Ia:

Aluainua

Araenit.

Bar iiai

OdMI IM

Chro«itM( H«x«valent

Chroni IM. Total

Copper

Iron

Le*d

M*ng«ne«e

Hercury

Selcni «•

Silver

Zinc

COHCCMTMTIOH
UNITS

••/Kb)

•ft/I

••/I

•ft/I

•ft/I

•ft/I

.ft/I

•ft/I

•t/l

•B/l

•I/I

•ft/I

•ft/I

•ft/I

•ft/I

•ft/1

-«/l

-ft/I

SAMPLE IDENTIFICATION
TP'l VERfiCAL

COMPOSITE

O.OIU(c)

0.04

1.9

o.z

0.11

O.OIU

o.u
O.OIU

0.43

0.45

O.OIU

0.05

O.U

0.94

0.0039

O.OIU

0.04

o.oiu

TP-2 VERTICAL
COMPOSITE

0.04

0.10

7.4

O.IU

O.OIU

O.OIU

0.16

O.OIU

0.47

0.46

O.OIU

0.0%

O.I)

0.47

0.003)

O.OIU

0.0)

O.OIU

TP-) VERTICAL
COMPOSITE

0.13

0.4)

2.8

0.2

1.0

O.OIU

0.28

O.OIU

0.16

0.32

O.OIU

0.2)

0.12

).6

0.012

O.OIU

0.0)

O.OIU

TP-4 VERTICAL
COMPOSITE

0 021)

0.02

2.)

0.2

2.4

O.OIU

0.13

O.OIU

O.OIU

O.M)

O.OIU

0.04

0 1 3

6.6

0.0022

O.OIU

0.0)

O.OIU

TP-i VERTICAL
COMPOSITE

0.02U

0.02

».3

O.I

0.14

0.02

0.10

O.OIU

O.OIU

0.09

O.OIU

0.07

O.I)

1.5

0.0002U

O.OIU

0.0)

O.OIU

TP-6 VERTICAL
COMPOSITE

O.OIU

0.02

0.9

O.I

26

O.OIU

0.44

O.OIU

O.OIU

8.0

0.01

7.)

0.0}

24

0.0002U

O.OIU

O.U

0.02

TP-7 VERTICAL
COMPOS IT€

0.57

0.9Q

1.5

0.4

7.9

O.OIU

0.76

O.OIU

O.OIU

1.9

0 01

0 }0

0.11

10

o nil
O.OIU

Or*.

0.14

O
o
o

-3cn
00
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TABLE 3-fl

SUMMAftY Of CttOUU. IMOftCAMIC RESULTS
APBIL 198S SLUDCE PIT AMD INPOUMDMBMT TEST PIT SANFLBSU)

A*CO CUKH1CAL COMPANY
CNADeHUUTTEN, OHIO

SAMPLE IDENTIFICATION

PARAMETERS

Cyanide, Avertable
Cyanide, Tottl
Fluoride
Hetali:
Chrom \mt
ChroHiiw, Tot«l

Iron

Silver

CENTRATION
UNITS

«/kg<b>

•g/k|

•g/kg

atg/kg

•g/kg

•t/kg
•g/kg
•g/kg

1 TP-1
0-1 FEET

0.5U(c)

820
140

0.1U
7,100
6,900

370
O.IOU

TP-2
2-3 FEET

0.5U
580
110

0.1U
5,600
16,000

520
O.IOU

TP-3
4-5 FEET

0.5U
7. B
110

0.1U
91

34,000

1,200

0.23

TP-4
4.5-6 FEET

75
520
103

0.1U
5,200
16,000

550
O.IOU

TP-5
5-5.5 FEET

140
1,100

36

0.1U
22,000
5,700

700
O.IOU

TP-6
3.3-4 FEET

0.5U
39
66

3.1
46

31,000

1,100

O.IOU

TP-7
1-2 FEET

550

1,200

110

0.1U

1 1 , 000

, 2.700

310

O . I O U

O
O
O
O

Ol
O



PARAMETERS

Cyanide, Amenable
Cyanide, Total
PIuoride
Metals:

Chrosuue), Hexavalent

Chroaiuai, Total

Iron
Hanganese
Silver

CONCENTRATION
UNITS

•g/kg

•g/kg

•ft/kg

•g/kg

•g/kg

•ig/kg

TABLB J-8
(Continued)

TP-8
1-2 FEET

400
720
120

0.1
7,000
2,300

300
0.10U

TP-9
2.5 FEET

0.5U

22
120

0.1U
30

29,000
1,000
0.10U

SAMPLE IDENTIFICATION
TP-9 TP-IO TP-IO

3 FEET 1.5 FEET 6 FEET

3.2

8.0

35

0.6
240

9,700
250

0.23

0.5U
1,500

12

0.1U
9,800
1,800
270

0.1 OU

0.5U
0.8
21

0.1U
33

24,000

790
0.10U

TP-ll
1-3 PEET

0.5U
660
100

0.1U
5,500
3,100
230

0.10U

TP-12
1-2 FEET

820
890
12

0.1U
8,400
1,700

180
0.10U

TP-ll
3 FEET

0.5U

210

18

0.1U

2,200

1,900

120

0.1 OU

(a)Test pit toil staples were collected from April 1, 1985 to April 3, 1985.
(b)"«*/kgM » sulligraas per kilogra* or parts per Million (ppn).

(c)"UM indicate* that the compound was analysed, but not detected. The corresponding nuetber represents the awthod
detection Ustic for the sample.

O
o
O
o



TABLE 1-9
SUMMARY Of HAZARDOUS BUBSTAMCB LIST COMPOUND • MULT9

AFB1L 198% IMPOtMMMT. M.UDC1 PIT. MD tUAMF COMPOSITE SAMPLES <•)
AKO C8BNICAL COMPANY

CMAOCNUUTTH. OHIO

PARAMETERS

VOLATlLES:

Ethyl benzene
2-HcKanone
Teirathlorethylene
toluene
Xylenvi. Total

Aild/Baae-Neutral
EKI rattablea:

Bi*(2-ethylhe*yl)
phlhalate

Dt-n-butyl phi nil ale
Fluoranlhene
Itophotone
Naphthalene
N-Nilrneodiphenyl a»ine

(DiphenylaauncH 1)
Ph*nMlhc«n«
Pytcnv

PESTICIOeS/POLVCHLORlNATCO
I1PHEHYLS:

Endr in
Acot lur 12<«8

CAS HUHBER(b)

100-41-4
i»|-78-6
121-18-4
|08'8BO

--<e>

II7-81-J

84-J4-2
206-44-0
78-i»-l
91-20-1
86-50 6

8S-OI-«
129-00-0

72-20-8
12672-29-6

CONCENTRATION
UNITS

-g/fcgU)
•«/»*
-»/t-B
-8/t-K
-t/k»

•C/k8

•g/kji
•i/M
•8/kK
•K/M
-*/»•»
-*/k«
M/k|

**/»•»
*>/h«

SAMPLE lOENTIPlCATION

H. IHPOUNDHENT
SLUDGE COMPOSITE

8DL(d)
BDL
8DL
ftOL
BDL

i.i

KOL
8UL
ftOL
80L
RUL

*DL
IDL

8DL
BDL

S. 1HPOUHUHEHT
SLUOCE COMPOSITE

110
4)

0.28
S.I
410

I.I

0.80
BDL
16

200
0.4)

BDL
BDL

0.066
BDL

SLUDCC MT
SLUftCe COMPOSITE

BDL
BDL
BDL
BDL

0.012

2.6

o.«
BDL
BOL
BDL
BOL

BDL
BDL

0.0)2
BDL

SWAHP
SLUDGE COMPOSITE

BDL
BDL
BOL
BDL
BDL

2.9

O.M
BDL
BIX,
BDL

0.67

BDL
0.)8

BDL
1.2

SUAHP
SOIL COMPOS lit

BDL
BDL
BOL
DHL
BDL

0.)^

BDL
0.11
BDL
BDL
BDL

0. IB
0.66

BDL
10

U)SMpl«* w«t« col lected Item A p r i l I . 198) to A p r i l 6. 198).

(b)Tb« nuatoft pr"Moled in ihi* colum are the Ch«aiic«l» Ab*lr*it« Service (CAS) number• u«ed for cat«lo|in( the indicated t.oatpoundi in
th« Q\«*ic«l Ak«tr*cta Indei.

(«.)"••,/¥4** " all! ifrea* per ki loftre* or part* per •! 11 ion (ppa) .

(d)"BDL** indicate* not detected above the U . S . Environmental Protection Agency (EPA) Contract Laboratory Program (CLP) Hezardoua
Sub*lance Liat (HSL) contract required detection liaiita (CIDL).

le)Tatal Kylene* include the on ho-, a)«ta- ( and para-xylene ia«M*«ra. A CAS ntaiber i* not available for total •rlenet.

( f )The inditaled co«pound i* detected a* the compound in par«nth«»e*. o
o
o
o



TABU 5-10
•UNHAIT Of OMUL IMOIGAMIC AMD IP TOIICITt TIIT NBTMOD U1ULT*

MOVBHM* 19*6 IHPOUMDNUrr. SUJDCK PIT. AMD SWAMP CtMTOSlTI UNPLUU)
AKO CNBNICAL CONPAHT

OHIO

PARAHtTtKS

pM (ID

Cyanide, Total

Fluoiidc, Total

Nitrat*. Lcachabl*

HetaU:

Al tfliintM

Arsenic

••rim
Cadwiiw

ChrowitM, Henavalcnt

Chro»t MI, Total

Copper

Iron

Lead
tUn^an***

Hercury

3«l«ni«

Si lv«r •

Zinc

CONCINTUTIOM
UNITS

pM Unit*

ppa(c)

ft*

PP»

PP»
pp.

PP"

PP»

PP»

PP"

PP»

PP«

PP»

PP»

PP»

PP»

PP»

PP»

SAMPLE IDCKTIFICATIOM
HtMTHEHM IHPOUHUHCMT AURA

Cl MfU^F PfMAPlK ITS'dL<uip\i£ t-unruD lit
tfrTAl(b)

• .20

680

l.MO

i.au

42.000

13

ft)

i.S

OA4J

6.800

2.4

2. BOO

2»
2bO

o.a«
1.7

2.2

1.100

EP TOX(c)

HD(d)

0.02UU)

2.)

O.IU

O.LU

0.00 Ml

0.0i9

0.020

0-OIU

o.n
0.0)

0.1)

O.OOMI

O.fc4

0.0002U

0.08)

0.0)

0.04

S-l SOIL (9.4-10 0')
TOTAL

ft. 20

90

)60

I.2U

11.000

16

19

I.OU

I.2U

1.200

62

}2,000

9.1

110

0.61

1.*

2.0U

160

EP T0»

HO

0.02U

I. 4

0.2

5.)

O.OOMJ

0.20

O.OO^U

O.OIU

0.09

O.OIU

11

0.00)11

1.2

0.00021}

O.OQMJ

O.OIU

0.2)

S-l SOIL (10.0-10.6*)
TOTAL

6.20

8.9

240

1.2U

,).000

14

61

I.OU

l.OJ

20O

tt

)2,000

9.2

210

0.))

2.)

2.0U

)l

EP TOX

HD

0.02U

1.0

0.2

1.)

O.OOMJ

0.17

O.OOMJ

O.OIU

0.01

0.02

49

o.oo*u
1.)

0.0002U

0.011

O.OIU

0.09

s-) son. (i.a-).)1)
TOTAL

7.60

)T

160 ,

I.2U

7.200

12

100

I.OU

0.)OJ

7i

22

21.000

12

1.100

Q.*6

1.2

2.0U

M

EP TOX

HD

0.29

O.I

0.2

0.)

O.OOMJ

0.10

0.00 Ml

O.OIU

0.02

O.OIU

0.1)

Q.OOMJ

6 7

0.0002U

0.010

O.OIU

0.01

«-) SOIL 4).)-6.V)
TOTAL

J.W

21
170

1.2

7,M)0

9.6

no
I.OU

0.10J

J)

17

24.000
12

1.000

0.)2

1.2

2.0U

)9

tr TOX

HD

0 24

1.0

O.I

0.9

O.OOMJ

o.n*
0.00 Ml

o am
0 01
0.01

0.01
0 . OOMI

6 6

0.0002U

0 Oil

0 Oil)

0.01

$c« iootnotei «l

O

o
O
o



TABL* 1-10

sum ** t or otNEtAL IMKGAMIC AND er TOXIC m TEST METHOD ICSILTS
HOVEMtOt 1986 IHPOUNIMENt, SLUD(Z rlT, AM SUMtr CtMfOS HE

AMCO CWHUAL C (Mr A NT
CMAoeiuurrtN. OHIO

SAMPLE I D E N T I F I C A T I O N

PhtAIEUKS

pH (1-. I )

Cywild*. Total

riuorld*. total

Artcntc

••rlua

Capper

Iron

Silver
Zinc

CONCtNTtATlON iMtiHiKw inruuNUit.tn WE*

UMIT5

pH Unlit

ppW.)

PP«

PP.

PP.

PP.

Pt*

PP*

PP»

PP*

PP.

PP.

PP*

PP.

PP-

PP.

PP»

PP.

SLUDGE
TOTAL(b)

1.20

680

1.9OO

I.W

42,000

12

41

5.5
0.44J

8.800

2.9

2.800

29

260

0.89

i. r
2. 2

1,100

COtpOStTE
EP TOX(c)

MDU)

o.oai(f)
1.1

0. 1U

0. Ill

0.0050

0.059

0.020

O.OIU

0.15

0.0)

0. 11

Q.OOW

0.44

0. 00020

0.085

0.01

0.04

S-l SOIL (9.
TOTAL

8. 20

90

160

1. 2U

1 1 . 000

16

79

l.OU
1. 2U

1.200

62

52.000

9. 1

110

0.61

1.9

2.0U

160

,4-10.0')
EP TOX

ND

o.o »J
1.5

0.2

5.1

0.005U

0. 20

0.005U
0.010

0.09

0.010

11
0.005U

1.2

0.00020

O.O05U

0.010

0.25

s-i SOIL
TOTAL

8. 20

8.9

240

1. 2J

5.000

14

81

1.00

I.OJ

200

»

52.000

9. 2

210

0.51

2.1

2,00

51

(10.0-10,6* )
EP TOX

ND

0.0 It

1.0

0.2

1. 1

0.0050

0. 27

.0.005U

0. 01 U

0.01

0.02

49

0.0050

1.1

0. 000 JU

0.011

0.010

0.09

S-l SOD. (1.
TOTAL

1.80

17

180

i.u

7. 200

12

100

l.OU

0. 10J

71

22

21,000

12

1.100

0.5*

1.2

2.0U

54

8-5. 51)
EP TOX

NO

0.29

0.7

0.2

0.5

o.oo m
0.10

0.0010

Q.OIU

0.02

O.OIU

0.15

0. 005U

4.7

0. 000 2U

0.010

0.010

O.Ol

3-1 son.
TOTAL

7. 50

21

1 10

1.2

7.500

9.4

110

l.OU

O, 101

25

If
24.000

12

1.000

0.52

1.2

2. OH

59

O.5-4..V )
tr TOX

ND

0.24

1.0

0.2

0,9

0.0050

0.05

0.005U

O.OIU

0.01

0,01

0.0)

0.0010

t.*
0. 000 20

0.01 J

0.010

0.01

S-« footnote! «t of t*bL«.



TABLE J-IO

SAMPLE .
COICt«UTU>il SOUTMHN WWUNWEHT MF.A

UNITS SLUDGE COMPOSITE S-4 SOU. (6.0-9.0')
TOTAL(b) f-t TOK(c) TOTAL EP TO*

S-i SOIL (•). i - l l . O ' )
TOIAL tf (OH,

S-6 SO[L (10. 1-1.1.4)
TOTAL " TOK

r . ( l : l > P"*1"

Cy«.ld«. lit«l PP**0

Fluor ld t , Tk»"l PP*

NUr*t«, U«ch»bU PP*

H«t*l«:

Mi»lnt« PP*

Aitenlc PP"

Url iM PP*
C.4.1* PP"
Chfo.iw. fc*«««l«nt PP"

ChtO»ll». fcl*l PP*

Co p(M( PP*

ko« PP*
u«i PP-
n*m»MM PP*
t tarcurf PP"
S«l«nl« PP*
Sll**r PP*

Zl«c PP"

9.4

49O

J,»00

I.I

14.600

20
12
4. 7

4 .4

i.)60

2 .6

2.410

1)

217
0. i»

1.6
2.1
754

(10* 8.1

0.02 l - b
6.1 58

O.I LI

0. 245 9. 140

.00% '•'
0.82 H. 1

0.0t4 I .OU

0.01 I-*
0.012 19

0.021 14

0 .H9 24.100

0. OOVJ > 1
O.I 70 'W

0.002U 0. 71

0.112 1-4
0.025 2.0U

0.028 56

HO

0.01
0.02

0.4

0.161
O.OOVJ

0. 211
O.OOVJ

0.01
0.01 2
0.010

2.0
O.OOVJ

9.49
0. 0002U

0.016
a 010
0.011

9. 2

19
190

1.2

6.460
IOU

b4'
I.OU

1.0
212
48

10,100

11
164
0.5

I . I
2.00

62

NU

0.02
0.02

0.1

1.62
O.OOVJ

0. 25«
O.OOVJ

0.01
0.022
0.01 2
20.7

0.00 VI
2.12

0. 0002U

0.019
O.OIOU

0.091

8.6

25
110

4.6

4.560

7.5
12

I .OU

1.1

410

bl

u. too
8. 1
108
0.41

1.1
2.0U

62

NO

0.02

1. 1

0.4

2.72
O.OOVJ

0. 184

O.OOVJ

0.01
0.044
tl. 024

4 7 . 9

0.005U

1.9
0.000211

0.027
0.017

0.171

Sc« toolno"* •« •** •*

O

O

O
o
-I
O)
en



TULE 1-10

SANItE IDENTIFICATION

PAUHETUS UNITS

Unlit

W If «t« . U«clMbl«

At •«• Ic
••r !>•

PI*

PP*

pp*

lM. fct«l

PP»
ll

SLUDGE COMPOSTTC
01AM b>

a. i
5*0

i.100

I . I

50.800
ik

1 Ik
».)
1.1

fc.ltO

l.t
11. 500

22
5k4

0.51
I.I

2.*
95

IP Tll»l C)

«f
0.01

1.9

0. 1

0. IU
0.010

0. Ill
O.OO)

0.02
0.101

O.OIOU

o.ou
O.OO5U

1.1*
0.0002U
O.OOW
O.OIOU
0.01)

SOD. COMPOS DC
10TAL

>.»
ia

250

2-k

I.O'O
t.2
1 10

l .OU

1. 2
!•

22

25.100
1)

Ml

0. IU

1.1
2.0U

N

ir TOI

NO
0.02

1.1

0. 1

1. 11
0. 1011
O. 144

O.OOW

0.0)
O.OIOU
o.otou
O.OIOU

0.005U

12.1
&OOO2U

O.OOW
O.OIOU

0.0)1

*t *»4 ol t«bl*.

O
o
o
o

CT)



TAIL! 1-10

PARAMETERS

pH (l:l)(l>

Cyanide, Total

Fluoride. Total

Hilr*t*. LvKhcble

Heiili:

Al MI HIM

Af ten it

• •r nm

C«d*i im

Cbtamiim, H**«v«l«i»t

Chfowitw, Total

Copper

lion

U*J

fteng «!«•<

Mercury

Selcaiua

Si l*«r

line

CONCENTRATION
UNITS

pH Unilt

PP»

PP»

PP»

PP»

PP-
f>{M

PP»

PP»

PP»

PP"

PP"

PP"

PP"

PP"

PP"

PP"

PP-

SANPLC IKHTIFICATIOH
SUAHP AK£A

AREA HO. 1 COHPOSITE

SLUDGE
TOTAL(b) tf T0»(«)

•.IS HD

6/0 0.02U

6,100 2.)

2.3 O.IU

71.000 0.2

t*-> O.OIU

IM> 0 14

6.B O.OUt

J..2U 0 02

I?,OUU |.I

21 0.01

18,000 0.4*

67 O.OOSU

s;o i.o
0.% O.OO04U

2.) 0. 00)11

2.6 O.OIU

*.WO 0.60

SOIL
TOTAL EP TOX

J.IO ND

17 0 02U

HO |.6

2.2 0.2

16.000 2.6

16 O.OIU

170 0 IB

1 .OU O.OO^U

I.6J O.OIU

660 0.0)

kk 0.010

41.000 0.0)

61 a . ooiu
1.200 i-fc

0.82 0.0002U

I OU O.OOMI

2.0U Q.OIU

160 0.36

A«EA HO. 2 COMPOSITE

SLUDGE
TOTAL EP TOI

8.00 HD

120 0.02U

l),000 2.9

8.9 0.3

70,000 0.7

31 O.OIU

190 0-26

6.8 0.008

O.IOJ 0 .11

17.000 1.9

24 0.01

17.000 0.42

88 O.OOSU

960 3.3

0.87 0.0002U

I.OU O.OOU

3.2 O.OIU

6.000 2.4

SOIL
TOTAL EP TOI

7.00 HO

20 0.04

110 1.8

Vi 0.1

17,000 ).)

21 O.OIU

210 0.14

I.OU O.OOMJ

n o.olu
4)0 0.02

•>» O.OIU

48,000 0.0)

n 0.00)U

«00 4.4

0.84 O.OOOJU

I.OU O.OOttl

2.0U O.OIU

160 0.26

AREA NO. ) COHtOSIU

suioce
TOTAL EP TOI

6.0) HO

40 0.04

J.700 I.)

9 . 7 0 4

19,000 O.IU

26 O.OIU

IM 0.0 VU

3.4 O.O06

4.00 O.OIU

1 1 .000 1 . 9

31 0.01

26.000 0.1)

98 0.00)U

1 .400 1 . 1

O.T9 0.0002U

2.2 0.00)U

2.1 0.01

4.)00 Q.M

SOIL
TOTAL EP Till

7.20 HD

30 O.U2U

1)0 U 6

9.4 0 1

14,000 1.)

14 O.OIU

1)0 Q.I)

1 -OU 0.009

0.82J 0.14

620 Q.01

47 O.OIU

44.0OO 0 04

91 O.OOA

1.400 1)

0. 79 Q.OOU2U

1-2 0 00 Ml

2. (Hi O.OIU

600 0 . 10

o
o
o
o



TAILg J-IO
(Continued)

CUMCtNTIuriUH
PAKAHETEKS UNITS

pll < l : lKg) pM "•»"•

C]rani4tt. Tot«l pp»

fr'luoride, Total pp»

Nit rate, Leathable pp»

Httels:

A 1 Ml It US ppM)

Arsenn ppa

lariiai pp«

C*d«i UBI pp*

ChroaiuM. He*sval«nt po»

Chrowi us. Total pp*

Cupptrr ppM

Iron ppM

Lead PPB

Hanganeae pp*

HKnury ppM

Seleni tai ppai

Silver pp»

Z i nt p pm

SAHPLt IDCKTIFICATION
SWAHP AHEA

AMKA NO. 4 COMPOSITE ARCA NO. ^ COHFIISITC

SLUUUK
rilTAI. tP roK

j as NU
14 0.07U

2.IHJO 1,0

2 9 O.IU

60.000 O.IU

i? 0.01

4)0 0 .22

6.0 0.00)

I.IJ 0.01U

1 1.000 0.42

Vt 0.01

24.UOO 0.12

110 O.OU6

1.200 29

U.91 0.0004

1.) O.OO^U

1.1 0.01

4.000 I.I

SOIL
TOTAL tP TUX

b.90 N|>

10 0.02U

120 01

1 . 10 O . IU

16,000 0.1

2% 0.011)

iao o.u
I.OU 0 O05U

1.4J O.OIU

290 O.OIU

M O.OIU

iO.OOO 0.16

12 O.OU^U

190 i 0

0.99 0 00(12 U

1.0 O.OO^U

I.OU O.OIU

180 0.21

SLUDCE
TOTAL tP TUX

7 . IU HD

42 O.OIU

4.600 1 6

1.9 O.IU

16,000 O.I

1) 0.04

240 0.008

16 0.006

0.61J O.OIU

14.000 O. IS

44 O.OIU

20.000 0.08

120 0.006

%,600 J1

0.60 0.0002U

2) 0.011

2.9 0.01

4.100 2.*

SOIL
TOTAL HP TO it

1 . 1 0 HI)

II 0.02U

ISO 0.6

).6 0.2

1 2 . 000 1 •»

~U O.OIU

HO OH

I.OU 0.009

6.4U 0.14

180 00)

4) O.OIU

)9,OOO 0 .1)4

M 0 006

1.600 11

0.99 O.OOOJU

I.OU Q.OO^iU

2.OU O.OIU

iSO 0 . 90

(•)S*aplei fro* |J, 1%86 to OtfCMibcr 2, 1916.

(b)Th* indu«t*4 value* rcprvtcnl the total canc«ittr*t ion in •illi|r«B* per kilogreni (•g/k|) or peri* per Million of the
corresponding p*renct«( prawfAt in the •••pic.

(c)HIP TUXH r c f k r a to the It to*ii:ilj» |e».h«i« generated by the Cxtre t t ion Prucrdur« <EK Tofl iki ty T*«t Ifctho4. SM-I1IO
•* 4«*crib*4 in U .S . Eny i rona^nl •! Frotection Agency, 196). "T««t HtthoJ* for Evaluating Solid Uette: Fhyatc al/Chewic el
Netho4a.M SM-846. Second Edition Revised, Ue>t» Char**, ter li*t ion IrMth, Off ice of Solid Haste end EMergency teapons*,
Uaahington, DC.

(d)"HDH indicate* not d*t«r«ine4.

(e)The unit* for total constituent analyses are rvpOlLed in Milligrams per kilo«raB (ag/kg) or parts per will ion <pp«).
The Kf toHicity test Method leevhste analyse* see reported in mi 1 1 igra«a prr l i tvr (»§/!) or ppm.

(O"U" indicates that the compound was analyxed. but nol detected. The corresponding nusber represents the «elhod detect ion
Mail fur the saeiple.

l|l(h« »H «slu«* (•'( >h«
w* t t l (I It in»i«sd u

SMtap aiea il.«)(tr iM
th* usual I I rai iu

es «*r* di-icrMinvd on a isiiu of ,.nc pati sludge to f i ve par ts deioni«rd
i a^sf sample* wer« nol wel oiough lor pH •easurevents st I.I r s t i o .

O

o
O
o
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00



TULI 1-10

AtU NO. 1 COMPOSITE

SAMPLE IDtMT IF1CATION
SUAHP AKEA

A*FA HO. 2 ccMPOsm AIEA ND. 3 C ClirOS IT E
FAMHCTERS

pM (1: l)(|>

C)TH|U«. Tbl»L

Fluarldfl, to i*l

M(r*t«, L*Khabl«

Ali»lni»

fetvnic

torlw

CflfelUi

O.ro.1-. IhawtlMl

ChTMlta, IttOl

Copp«t

Iron

L*«l

H*̂ .MM

fercur j

S.I.M *

Sllvtr

Zinc

CONCeNTUT ION
UNITS

pH Unit!

PP*

PP"

PP"

PI*

PP*

PP"

PP"
i pp.

PP"
PF"

PP"

PP"

PP"

PP"

PP"

PP"

PP"

StUOGE
TOTAL(b) EP TOX(c)

a. ii
670

6.700

2.1

11.000

4)

150

6.8

*.D

I J.QOO

11

18,000

87

870

0.96

2,3

1.6

).)00

HD

0.011

2. 3

0. IU

0. 2

O.OIU

0. 28

0.006

0.02

1.7
0.01

0.4B

0.005U

3.0

0.0004U

0.005U

O.OIU

0.60

SOU.
TOTAL

7. 10

17

340

2.2

16.000

16

170

I.OU

1.6J

660

44

41,000

61
1.200

0.81

I.OU

Z.OU

360

EP TOll

HD

o.oai
1.6

0.1

2.6

O.OIU

0.18

0.005U

0. OIU

0.03
Q.OIU

0.0)

O.OOW

5.4

0.0001U

0.005U

O.QIU

0.36

SLUDGE.
TOTAL

8.00

I JO

1 ). OIM)

8.9

70.000

31

190

6.8

0. 20J

17,000
24

17.000

88

960

EP TOJ

HO

O.OU

2.9

0.)

0. 7

O.OIU

0. 26

0.006

0. 11

1.9 •
0.01

0.42

0.005U

3.3

0. 87 0. OOOIU

I.OU

3. 2

6.000

0.00)0

0.01U

2.4

SOIL
TOTAL

7.00

?0

110

).)

I 1.000

Zl

210

I.OU

11

4)0
w

48.OOO

'3

900

o. a*
I.OU

2.0U

360

EP TO*

HD

0.04

1.8

0.2

3.)

O.OIU

0. 14

O.OOVJ

O.OIU

0.01
0. OIU

0.0)

0.00)U

4.4

o.oootu
0.005U

a oiu
0.26

SLUDGE
TOTAL CP TOI

8.0)

40

l.IOO

9.7

19.000

26

ISO

1.4

4.0U

1 1.000
31

26.00O

98

1.400

0.79

2,1

2. 1

4,)00

HD

0.04

l.J

0.4

0. IU

O.OIU

0.0 VJ

0.006

0-OlU

1.9
0. Ot

0.11

O.OOM1

). 7

0. OO02U

O.UOVl

0.01

0.66

son.
TOTAL

7. 20

10

1)0

9.4

14.000

14

1)0

I.OU

0. 62J

620
47

44.000

91

1,400

0. ><t

1.1

1. OU

600

IP TOI

Nb
O.OIU

0.6

0.2

1.)

O.OIU

0. 11

0.009

0. 14

0.03

O.OIU

0.04

0.006

t)

0.0002U

o.ooiu
O.OIU

0.9Q

o
o
o



TULK 1-10

MRAHETOtS COKKHTUTtON
UNITS

SAMPLE IDtMIIF 1C AT ION
SWAMP AREA

AREA NO. 4 COHPQsrTE AREA NO. 5 CCWPOSrTE
SLUDCE son. SLUDGE SOB-

TOTAL £P TOK TOTAL tP TOX TOTAL EP TOX TOTAL EP TO*

pH (
Cyan Id*, Bjtil

Fluat ld*, Ibtal

Mtrat* . teachable

Hctala:

AT aan Ic

•arlM

Chioaliai, H*«*vat*nt

Chroalua. folni
Copper
Uon

Uad

Manx an* a*

fercury

Stlwac

Zinc

Unit*

PP"

PP"

PP.

PP-

PP*

PP»

PP"

Ppa

PP*

Ppa

PP-

Ppa

PP"

PP"

PP"

PP»

PP"

7.85

24

1.000

2,9

60.000

57

4)0

6.0

1. 7J

1 1.000

54

2 4 , 000

1 10

7.200

0.9)

1.1

1. 1

4.000

ND

0.0 iJ

1.0

0. IU

0. IU

0.0)

0. 22

0.005

O.OIU

0.43

0.01

0. )I

0.006

29

0.0004

0,00*1

0. 01

I.I

6.90

10

1 20

1. HI

16.000

25

180

l.OU

1.4J

290

51

50.000

72

780

0.99

1.0

2.0U

380

ND

0. 02)

0. )

0. IU

0. )

O.OID

0. 16

0.005U

0. 01 U

O.OIU

O.OIU

0.16

0. 005U

5.0

O.OU02U

0.005U

O.OIU

0. 21

7. 70

62

4.600

1.1

16, 000

15

240

1.6

0. 61J

1 4 . 000

*4

20.000

120

5.bOO

0. BO

25

2.9

4. 700

ND

0.0 4J

1.6

0. IU

0. 2:

0.04

0. 008

0.006

O.OIU

0.18

0. 01U

0.08

0.006

2)

0. 00020

0.011

0.01

2-6

7. 10

11

150

5.8

1 2.000

18

no
l.OU

6. 4U

180

47

) 9 . 000

71

1.600

0.99

l.OU

2. OU

150

ND

0.020

0.6

0.2

1. 5

O.OIU

0. )1

0.009

0. 14

0.01

O.OIU

0.04

0.006

I)

0. 00020

0.005U

O.OIU

0.90

(a)9a«pL** wc« coll acted fro* Ibvaabar 17, I486 to fecambar 1, 1Mb,

(b)1b« I*rilcata4 valuaa represent th* tot*l concentration tn mill IftMi per tLllograa (•g/kg) of p»rti p*c • l l l l o n o f <h»
c*ir««|ttrtlMt p»r^«l«r |tr«»«nt In the MBpl*.

(c)"IP TOT* r«(«r« to tl^ EP tonic Ity tcactet* j«ner«ted by th* Extraction Procedure ( E P ) Toilc Ity T* »t Hctbod , SU-l 110
*• 4«*crlk«ri i* U.S. Ciw Uoiw«at«l Prutvctlon At«ncy, 1985. "Tot rklho4a (or Ev*lu*tlnf Solid **i»t«; rhymtc »l / Ch™ Ic • I
MttoJ*." «H-€*». Svcond Ed i t i on f c v l x d , M»»ti Chjracter lut lon Irwch, « t l c « of Sol id Ua»t> and Gaer^cncy Ropm**.
Mt«hl«|U>. DC.

(d)"ND' lAdlcat** not dttcralned.
(«)Th« unit* foe total constituent an*ly*«i «re reported In allllfiraa* per kllo^raa (aK/k^) or parti p-r Bill ion (ppa).

Th* EP l«Icily t«*t «*thod Icachat* analyie* »r« r* ported In •!!! Igraa* per l i t e r (aft/ 1) or ppa.

(f)"U" todlcBtaa that tha coa pound «a« anal ywil. but not detected. The cot T«apond Inn "fiber ceproenti the a*tho4 de i ec t ton
Halt lot th* aaapla.

(|)Th* pH v a l i M I lor th* ••••p act* i ludf* *a«pl*s wer* det^ralncd on a r « l l o ol on* part l ludqe tn f i v e p.ir t» i te lonl irJ
«al*[ ( 1 - 5 ) ln*t*ad i t the u f u i l 1 :1 r a t i o bcci<i»e i*»pl r» -era not wt «n>t*jn lor p H M a a i u m r n t * n I I t a t t o .

oooo

o
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TAILS 3-12
SUMMARY Of GENERAL IMOCCAM1C AMD KP TOI1CITY TEST METHOD RESULTS

JANUARY 198/ NOtTUBRM AMD SOUIUUM IMPOUNDMENT AMD SLUDGE PIT SAMPLES(a)
ARCO CHEMICAL COMPANY

GMADEMUUTreM. OHIO

SLUDGE COMPOSITE
PARAMETERS

PH (1:1)

Cyanide, Total

Fluoride, Total

Hi t rate, teachable

Melali:

Chromtw, Hctavalenl

Mercury

CONCENTRATION
UNITS

pH Unit!

pp»(e>

PP»

p|M

PP"

ppai

TOTAL(b)

fl.iO

i.OOO

},9QO

i.au

i.au
0.23

EP TOX(c)

N0(d>

0.02U(f )

i.a
0.1U

0.01U

0.0002U

SAMPLE IDENTIFICATION
NORTHERN IMPOUNDMENT AREA

S-l SOIL (8.0-8.8 (t) S-2 SOIL ( 7 . 2 - f l . b f t ) S-) SOIL (7 .0-1 .8 U)

TOTAL EP TOX TOTAL EP TOX TOTAL EP TOX

/.8i ND 7.90 ND 8.40 NU

2)0 0.02U 240 0.02U 8.3 0 .02U

160 0.3 240 0.6 160 0.)

1.1U 0.1 1.2U 0.1U 1.1U 0 .1U

I.IU 0.01U

0.64 0.0002U

1.2U O.OIU

O.IOU 0.0002U

1.1U O.OIU

O.IOU 0.0002U

o
o
o
O
H*
-4
-<l
CO



TAftLR 3-12
(Continued)

PARAMETERS

Cyanide, Total

FLuoride, Total

N i t r a t e , Total

HetaUl

Chroaiua, Heaavalenl

Hercury

SAMPLE IDENTIFICATION
SOUTHERN IMPOUNDMENT AREA

SLUDGE COMPOSITE
S-4 SOIL (8.0-9.0 ft) S-5 SOIL (8.5-9.0 ft) S-6 SOIL (9.5-10.1 U)

CONCENTRATION
UNITS

pH Unita

ppa

PP«

ppm

ppH

ppm

TOTAL

8.90

440

2,300

i.au

l.BU

1.3

EP TOX

ND

0.02U

4.5

0.1U

0.03

0.0003

TOTAL

7.75

170

IbO

1.3U

3.6U

0.12

EP TOX

unnu

0.02U

1.1

0.1U

0.01U

0.0002U

TOTAL

8.50

35

290

1.2U

3.0U

0.29

EP TOX

ND

0.02U

0.9

0.1U

0.01U

0.0002U

TOTAL

8.60

120

570

I.3U

1.3U

0.27

tf lUft

ND

0.02U

O.b

Q.1U

0.01U

0.0002

O
O
O
O
M-
-3
-3
CO



TABLB 1-12
(Cont inued)

SAMPLE IDENTIFICATION
SLUDGE PIT

PARAMETERS

pH (1:1)

Cyanide, Total

Fluoride, Total

Nitrate, Total

Hetal•:

Chromium, Hexavalent

Hercury

CONCENTRATION
UNITS

pH Unit a

ppM

PP«

PPM

PP«

PP«

SLUDGE

TOTAL

6.10

4,700

4.000

2.1

COMPOSITE

EP TOX

ND

0.02U

l.B

0.1U

1.2U

0.43

0.38

0.0002U

SOIL COMPOSITE

TOTAL EP TOX

7.60 ND

740 0.02U

3iO 1.1

2.4 0.1

1.2U 0.02

0.10U 0.0002U

(a)SaMples were collecl«d from January 26, 1987 to January 26, 1987.

(b)The indicated valuci represent the total concentration in milligrams per kilogram (mg/kg)
or parta per Million (ppm) for the corresponding parameter prevent in the sample.

(c)"eP TOX" refer* to the CP toiicily l«achate generated by the Extraction Procedure <EP) ToKicicy
Teat Method, SW-1310 aa described in U.S. environmental Protection Agency, 1985, "Teat Method* for
Evaluating Solid Waitet Phyaical/Chemcal Methods," SM-646, Second Edition fteviaed, Waste
Characterisation Branch, Office of Solid Waste and Emergency •esponse, Washington, O.C.

(dV'ND" indicates not determined.

(e)The units for total constituent analyses are reported in Kg/kg or ppsi. The EP tonic i ty
test method leachate analyses are reported in Milligrams per liter (mg/1) or ppm.

(f)"U" indicates that the compound was analyzed, but not detected. The corresponding number
represents the method detection limit for the sample.

o
o
o
o

-si



TABU 1-11 .
•UMNMf Of HtlAMOW IBMTAKK LI IT CMYMM USULT1

JJUWABT IMI IHTOMMMT UD »LMC1 fit ffUTlCAL tLUDO
GONNMITU M MIL *AMU»(.)

uco CONICAL covAinr
0110

PAtAHETERS

Chlofotor*
Ky !•!»*• . Tot « 1(1)

Ac td/B« •*-•••*(•!

phlh«l«l«

P**t ic i4««/FCB*:

CA* It ECU TIT
NUHKIlb)

IMO OJ-J

,„„-,
--

CONCENT RAT 10*
UHITS(t)

••/*•

•ft/ ^4

•A/ ^*t

SAHPI.E IDEKTiriCATIOfl
NORTHtRM IHPOUHDHEKT AREA

S-l VERTICAL
COMPOSITE

!.!••
0 1U
0 OUB

0.4U

•OL

S-l VERTICAL
COMPOSITE

0 4*B
0 71Ji(«)

O.lli

I.IJ

•OL

S-) VERTICAL
COMPOSITE

O.IH
b.SB
0 1)1
0 11JI

O.KJ

•DL

SOUTHERN IMPOUKONtUT AREA

S-4 VERTICAL
COHfttS ITE

1 II
O.llJR
0. \lt

I. I

0 4IJ

• DL

I-) VERTICAL
CUHPOS ITC

1 . 7 R -
O.M*
0.1*4

0.1 fJ

•OL

s-fc VERTICAL
COMPOSITE

i.H
O.lOJt
0 41k
0 M

o.ru

•OL

3-4 SOIL
(• 0-t.O't

0.11*
1 •>•

0.0*OB

•DL

•DL

S-V SOIL
(• .% * 0' 1

0 !!•
o.*>»
0 0«8i

•OL

O.OflJ

•PL

S-* iOlt.
(1.%-IU 1 '

0 IfcB
0 1U'
0 101

0 OJJII

Q in

IOL

o
o
o
o

01



TABU I'll
(Coaliawed)

PARAMETERS

Volatilea:

Netbylena Chloride
Acetone
Chloroform
lylenee. Total

Ac id/ Aaee- neutral
Eat r act able*;

Bi*(2-elhyheayl)
phthalate

Peaticidee/rCle:

CAS REGISTRY
MUHKR(b)

11JO-02-7

117-fl-r

--

CONCENTRATION
UHITS(c)

•I/hi

•*/•*

-./*

SAMPLE IDCNTIP1CATIOM

S-l VERTICAL
COMPOSITE

0.211
0.441
O.I II

»DL

0.09J

-

S-2 VERTICAL
COMPOSITE

0.221
0 . 1 21
0.191

ROL

0.92J

-

SLUDGE PIT

S-3 VERTICAL
COMPOSITE

0.191
O.SII
O.l»l

O.OftbJI

2.1

--

3-4 VERTICAL
COMPOSITE

0.241
0.941
0.171

0.02IJI

O.ZIJ

--

S-i VERTICAL
COMPOS ITC

0.1M
0 %0»
0.191

ROL

0.»J

--

«« wr* collected oa January 26. I9C7 awl January 2». 19*1.

Mtaibwr* ptt«*«ta4 i« thia coltain art the Cfcamcil Abatractt Sarwica (CAS) l«|Utry Hu*bara uaed lor i.atalo(in« the indicated t «• pound •
I* tba Chaaical Abalract* In4«a.

(c)na«/ktH a^uala •illia.raat par kilo|raai or par I a per •illio*

<d)"l" t»4tcataa that the correspond tn| coaipound wee found in the blank aa veil •• the aaaiple.

(•)MJH indie at ea that the cot responding compound ia preaeet , but the calculated concentration ia leaa than th« specified del act ion liatit

(f)Total alienee include the ortho-, eteta-, and pera-«yle»e iaoaera.

(()"IOLM indicate* that the correapondinf coapounda twre aot detected abow* the aaaiple detection li«it* indicated in Append i« A.

o
o
o
o



TABLE 3-1*
SUMMARY OF POLYCHLORIMATED BIPHEMYL RESULTS
APRIL 1985 SWAMP AREA SLUDGES AMD SOILS («)

ARCO CHEMICAL COMPANY
CNADEMHUTTEM, OHIO

00001777

SAMPLE IDENTIFICATION(b)
ZRID COORDINATES
OLD NEW

B-0,2
B-0,2

B-0,3
B-0,3

B-1,1
B-1,1

B-1,2
B-1,2

8-1,3
B-1,3

B-1,4
B-1,4

B-2,0

B-2,1
B-2,1

B-2,2
B-2,2

B-2,3
B-2,3

B-2,4
B-2,4

B-3,0
B-3fO

B-3,1
B-3,1

B-3f2
B-3,2

P-10
P-10

U-10
H-10

F-8
P-8

F-8
P-8

H-8
U-8

J-8
J-8

B-6

D-6
D-6

P-6
F-6

H-6
H-6

J-6
J-6

B-4
B-4

D-4
D-4

P-4
P-4

DEPTH WATER CONTENT
INTERVAL (I)

0-6"
50-56"

0-12"
48"

30-36"
72"

0-6"
30-36"

0-6"
9-15"

0-6"
6-12"

0-6"

0-6"
18-24"

0-1"
30"

0-6"
24-30"

0-6"
12-18"

0-6"
22-24"

0-5"
5-11"

0-4"
4-10"

ND(e)
ND

81.8
ND

ND
ND

ND
ND

81.1
ND

ND
ND

ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

POLYLCHUmlNATEU oirntniua
mg/kg(c) Sourct Aroclor(d

1.2
l.OU(f)

460
1.2

1.4
l.OU

<1.0U
<1.0U

180
16

18
1.6

2.5

l.OU
l.OU

l.OU
l.OU

146
6.7

670
7.4

l.OU
l.OU

l.OU
l.OU

l.OU
l.OU

1248
~<g>

1248
1248

1248

—

1248
1242

1248+1254
1254

1248

—

.-

1248+1254
1248

1248+1254
1248+1254

—

— .

—



TABLE 3-14
(Continued)

00001778

SAMPLE IDENTIFICATIONb)
CEID COORDINATES DEPTH
OLD NEW INTERVAL

B-3,3
B-3,3

B-3,4
B-3,4

B-4,2
B-4,2

B-4,3
B-4,3

B-4,4
B-4,4

H-4
H-4

J-4
J-4

F-2
F-2

H-2
H-2

J-2
J-2

0-6"
14-20"

P-6"
9-15"

0-6"
6-12"

0-6"
6-12"

0-6"
6-12"

WATER CONTENT
(I)

NT)
ND

NT)
ND

ND
ND

ND
ND

ND
ND

POLYLCHLORINATED BIPHENYLS
mg/kg(c) Sourct Aroclor(d)

8.7
l.OU

14
2.1

l.OU
l.OU

l.OU
l.OU

l.OU
1.2

1248+1254

1254
1248

1254

(a)Semples were collected from April 5, 1985 Co April 8f 1985.
(b)The upper depth at each sampling station represents sludge materials, while

the lower depth represents the underlying soil. The grid coordinate system
indicates the closest corresponding sampling locations between the old and
new grid systems, although the coordinate systems do not exactly correspond.

(c)"mg/kg" • milligrams per kilogram or parts per million on a dry weight
basis.

(d)The indicated commercial aroclor mixture represents the source of the
polychlorinated biphenyl contamination and the standard used for instrument
calibration and analysis. All samples were screened for Aroclors 1016,
1221, 1232, 1242, 1248, 1254, and 1260 to determine which aroclors are
present in the sample and therefore should be used for instrument
calibration.

(e)"VD" indicates not determined.
Cf)"U" indicates that the compound was analyzed, but not detected. The corresponding

number represents the method detection limit for the sample.
(g)"—" indicates that PCBs were not detected in the corresponding sample.

Therefore, no source aroclor is given.



00001779
TABLE 3-15

SUMMARY OP POLYCHLORIHATED BIPUEKYLS (PGB) RESULTS
NOVEMBER 1986 SWAMP AREA SLUDGES AMD SOILSU)

ARCO CHEMICAL COKPAMY
CMADENUUTTEM, OHIO

SAMPLE IDENTIFICATION DEPTH
AREA INTERVAL
NO. 1 (ft)

POLYCULORINATED BIPHENYLS
mg/kg(b) SOURCE AROCLOR(c)

B-4
B-6
B-7
C-6
C-6
C-7
D-2
D-4
D-4
D-5
D-5
D-6
D-6
D-7
D-7
E-3
E-4
E-4
E-5
E-5
E-6
E-6
E-7
E-7
E-8
E-8
E-9
E-9

0.0-1.0
0.0-1.0
0.0-1.0
0.0-1.2
1.2-2.2
0.0-1.0
0.0-1.0
0.0-1,2
1.2-2,2
0.0-0.3
0.3-1.3
0.0-0.3
0.3-1*3
0.0-0.8
0.8-1.8
0.0-1.0
0.0-1.5
1.5-2.5
0.0-0.5
0.5-1.5
0.0-0.6
0.6-1.6
0.0-2.3
2.3-3.3
0.0-5.5
5.5-6.5
0.0-3.5
3.5-4.5

0.16U(d)
0.16U
0.17
1.7

0.16U
0.16U
0.22U
0.75

0.16U
0.16U
0.16U
0.16U
0.16U
0.16U
0.16U
0.16U
0.69

0.16U
0.16

0.16U
0.16U
0.16U
0.89

0.16U
0.17
0.16U
0.87

0.16U

--Ce)

1254
1248 & 1254

1254
1248 & 1254

1248 & 1254

1254

1248 & 1254

1254

1248 & 1254



TABLE 3-15
(Continued)

00001780

SAMPLE IDENTIFICATION DEPTH
AREA INTERVAL
HO. 2 (ft)

POLYCHLORINATED 8IPHENYLS
mg/kg(b) Sourct Aroclor(c)

F-4
P-4
F-5
F-5
p-6
F-6
P-7
F-7
F-8
p-8
F-9
F-9
C-4
C-4
C-5
C-5
G-6
C-6
C-7
C-7
G-8
c-a
c-9
C-9
C-10
G-10

0.0-0.5
0.5-1.5
0.0-1.0
1.0-2.0
0.0-1.2
1.2-2.2
0.0-2.0
2.0-3.0
0.0-3.3
3.3-4.3
0.0-0.5
0.5-1.5
0.0-0.8
0.8-1,8
0.0-1.5
1.5-2.5
0.0-0.6
0.6-1.6
0.0-1.5
1.5-2.5
0.0-3.0
3.0-4.0
0.0-3.0
3.0-4.0
0.0-3.5
3.5-4.5

0.16U
0.16U
0.68
0.16U
2.2
0.16U
2.5
0.16U
0.56
0.16U
0.16U
0.16U
0.16U
0.21
4.5
3.7
0.37
0.16U
5.5
0.11
4.3
0.16U
0.28
0.16U
0.56
0.16U

1248 & 1254

1248 4 1254

1248 & 1254

1248 & 1254

1248
1248 & 1254

1248
1254

1248
1248
1248
1248
1254

1248 & 1254



TABLE 3-15
(Continued)

00001781

SAMPLE IDENTIFICATION
AREA
MO. 3

DEPTH
INTERVAL POLYCHLORIMATED BIPHENYLS

mg/kg(b) SOURCE AROCLOR(c)

F-l
F-2
F-3
F-3
C-l
C-2
C-2
C-3
C-3
H-l
H-2
H-3
H-3
1-1
1-2
1-3
1-3
J-l
J-2
J-2
J-3
J-3

0.0.1.0
0.0-1.0
0.0-0.5
0.5-1.5
0.0-1.0
0.0-0.6
0.6-1.6
0.0-1.8
1.8-2.8
0.0-1.0
0.0-1.0
0.0-1.0
1.0-2.0
0.0-1.0
0.0-1.0
0.0-0.5
0.5-1.5
0.0-1.6
0,0-0.8
0.8-1.8
0.0-0.2
0.2-1.2

0.27
0.16U
0.16U
0.16U
0.36

0.16U
0.18
0.59

0.16U
0.42
0.16U
0.16U
0.16U
0.39
0.24
1.8
0.52
0.36
0.32
0.16U
1.9
0.80

1248 & 1254

1248 & 1254

1248
1248 & 1254

1248 & 1254

1248 & 1254
1254

1248 & 1254
1248 & 1254

1254
1248 & 1254

1248 & 1254
1248 & 1254



TABLE 3-15
(Continued)

00001782

SAMPLE IDENTIFICATION DEPTH
AREA INTERVAL
NO. 4 (ft)

POLYCHLORINATED BIPHENYLS
mg/k((b) SOURCE AROCLOR(c)

H-4
H-4
H-5
H-5
H*6
H-6
H-7
H-7
H-8
H-8
H-9
H-9
H-10
H-10
1-4
1-4
1-5
1-5
1-6
1-6
1-7
1-7
1-8
1-8
1-9
1-9
1-10
1-10
J-4
J-4
J-5
J-5
J-6
J-6
J-7
J-7
J-8
J-8
J-9
J-9
J-10
J-10

0.0-1.8
1.8-3.0
0.0-1.7
1.7-3.2
0.0-1.3
1.3-2.3
0.0-1.3
1.3-2.3
0.0-2.0
2.0-3.0
0.0-2.8
2.8-3.8
0.0-3.5
3.5-4.5
0.0-1.5
1.5-2.5
0.0-1.5
1.5-2.5
0.0-1.0
1.0-2.0
0.0-1.5
1.5-2.5
0.0-2.5
2.5-3.5
0.0-2.5
2.5-3.5
0.0-3.5
3.5-4.5
0.0-1.8
1.8-2.8
0.0-1.5
1.5-2.5
0.0-1.5
1.5-2.5
0.0-1.5
1.5-2.5
0.0-1.5
1.5-2.5
0.0-3.0
3.0-4.0
0.0-4.0
4.0-5.0

2.8
0.09
5.1
0,15
6.5
0.51
21

0.91
21

0.65
2.7
0.58
3,000
1.1
12

0.19
51
5.9
68
11
108
7.5
51
0.44
160
1.6
93
0.41
22
6.4
95
9.8
89
11
65
3.8
54
4.8
220
23
61

0.16U

1248 & 1254
1248

1248 & 1254
1248

1248 & 1254
1248

1248 & 1254
1248

1248 & 1254
1248

1248 & 1254
1248
1248
1248

1248 & 1254
1248

1248 & 1254
1248 & 1254
1248 & 1254

1248
1248 & 1254

1248
1248
1248
1248
1248

1248 t 1254
1248

1248 & 1254
1248

1248 & 1254
1248

1248 & 1254
1248

1248 & 1254
1248

1248 & 1254
1248

1248 & 1254
1248
1248



TABLE 3-15
(Continued)

00001783

SAMPLE IDENTIFICATION DEPTH
AREA INTERVAL
NO. 5 (ft)

POLYCULORINATED BIPUENYLS
mg/kg(b> SOURCE AROCLOR(c)

K-2
K-3
K-3
K-4
K-4
K-5
K-5
K-6
K-6
K-7
K-7
K-8
K-8
KL-6
KL-6
KL-7
KL-7
KL-8
KL-8
L-2
L-3
L-4

0.0-1.0
o.o-o.a
0.8-1.8
0.0-1.5
1.5-2,5
0.0-2,3
2.3-3,3
0.0-1.0
1.0-2.0
0.0-1.0
1.0-2.0
0.0-0.7
0.7-1.7
0.0-0.4
0.4-1.4
0.0-2.0
2.0-3.Q
0.0-0.2
0.2-1.2
0.0-1.0
0.0-1.0
0.0-1.0

1.9
14
0.12
21
4.9
42
19
110
23
11
0.42
3.5
1.6
9.3
0.75
1.0
4.2
66
1.2
0.25
1.2
7.4

1248 4 1254
1248 & 1254

1248
1248 k 1254

1248
1248 & 1254

1248
1248 & 1254
1248 i 1254
1248 & 1254

1248
1248 4 1254

1248
1248 & 1254
1248 & 1254
1248 t 1254
1248 & 1254
1248 fc 1254

1248
1254

1248 & 1254
1248 & 1254

(a)Saraples were collected on November 24, 25, and 26, 1986 end December 2,
1986.

(b)"mg/kg" equals milligram per kilogram or parts per million (ppm).
(c)The indicated commercial aroclor mixture represents the source of the poly-

chlorinated biphenyl contamination and the standard used for instrument
calibration and analysis. All samples were screened for Aroclors 1016,
1221, 1232, 1242, 1254, and 1260 to determine which aroclors *re present
in the sample and therefore should be used for instrument calibration.

(d)"U" indicates that the compound was analyzed, but not detected. The
corresponding number represents the method detection limit for the sample.

(a)"—" indicates that PCBs were not detected in the corresponding sample.



TABLE 3-16

SUMHAEY OP GENERAL INORGANIC AMD EP TOXICITY
TBST METHOD RESULTS

JANUARY 198? 8UAMP AREA SLUDGE AND SOIL COMPOSITE SAMPLBS(a)
ARCO CHEMICAL COMPANY

GNADENUirrTBNv OHIO

PARAMETERS CONCENTRATION
UNITS

PH (l:

Cyanide, Total

Fluoride, Total

Nitrate, teachable

Metals:

Chroaiun, He ma v« lent

Mercury

AREA NO. I COMPOSITE

SAMPLE IDENTIFICATION

AREA NO. 2 COMPOSITE

SLUDGE SOIL
TOTAL(b) EP TOX(c) TOTAL EP TOX

SLUDGE
TOTAL EP TOX

SOIL
TOTAL EP TOX

pH Unit a

PP»<0

PP«

PP«

pp»

pp»

8.25

800

7,900

10

1.7U

0.65

ND(e)

0,02U(g)

2.1

0.3

0.54

0.0002U

7.35

27

440

5.0

3.2U

0.31

ND

0.03

1.7

0.3

0.01U

0.0002U

8.05

630

12,000

6.9

1.7U

0.19

ND

0.02U

2.1

0.3

0.19

0.0002U

7.40

63

560

5.4

3.4U

0.32

ND

0.02U

2.5

0.4

0.01U

0.00021

ooo

00



PARAMETERS

pH (1:1)

Cyanide, Total

Fluoride, Total

Nitrate| teachable

Metals:

Chromium, Hexavalent

Mercury

TABLE 3-16
(Continued)

SAMPLE IDENTIFICATION

AREA NO. 3 COMPOSITE

CBKTRAT10N
UNITS

pH Unit*

PP«

PP«

PP"

PP«

ntta

SLUDGE
TOTAL EP TOX

7.85 ND

350 0.10

3,300 1.3

1.6 0.1U

1.6U 0.03

0.25 0.0002U

SOIL
TOTAL EP TOX

7.40 ND

21 0.02U

350 0.9

11 0.2

1.8U 0.16

0.14 0.0002U

AREA NO. 4 COMPOSITE

SLUDGE
TOTAL EP TOX

7.80 ND

360 0.02U

2,400 0.5

1.7U 0.1U

1.7U 0.04

0.39 0.0002U

SOIL
TOTAL

7.45

21

170

1.3U

1.3U

0.56

EP TOX

ND

0.02U

0.4

0.1U

0.01U

0.0002

O
O
O
O

00en



TABLE 3-16
(Continued)

PARAMETERS

pH (1:1)

Cyanide, Total

Fluoride, Total

Nitrate, teachable

CONCENTRATION
UNITS

SAMPLE IDENTIFICATION

AREA NO. 5 COMPOSITE

SLUDGE
TOTAL EP TOX

SOIL
TOTAL EP TOX

pH Units

ppm

ppm

7.85

77

7,100

l.BU

NO

0.02U

1.7

0.1U

7.30

7.5

120

1.3U

ND

0.02U

0.5

0.1U

MetaU:

Chromium, Hexavalent

Mercury

PP* i.au
0.45

0.01U

0.0002U

1.3U

0.99

0.06

0.0002U

(a)Samples were collected fro* January 19, 1987 to January 22, 1987.
(b)The indicated values represent the total concentration in milligrams per kilogram (aft/kg) or parts per million (ppm)

for the corresponding parameter present in the sasiple.
(c)"EP TOX" refers to the EP toxicity leachate generated by the Extraction Procedure (EP) Toxicity Test Method, SU-1310,

as described in U.S. Environmental Protection Agency, 1985, "Test Methods for Evaluating Solid Waste!
Physical/Chemical Methods," SW-846, Second Edition Revised, Waste Characterization Branch, Office of Solid Uaste and
Emergency Response, Washington, D.C.

(d)The pH values for the swamp area sludge samples were determined on a ratio of one part sludge to five parts
deionized water (1:5) instead of the usual 1:1 ratio because samples were not wet enough for pH measurements at the
1:1 ratio.

(e)"NDM indicates not determined. Cc
(l)The units for total constituent analyses are reported in mg/kg or ppm. The EP Toxicity Test Method leachate analyses*

are reported in milligrams per liter (mg/1) or ppm. '-
I—

(g)"U" indicates that the compound was analyzed, but not detected. The corresponding number represents the method -*
detection limit for the sample. Q



TABLE 3-17

SUMMARY OP POLYCHLORIMATED BIPUEMYLS (PCB) RESULTS
MARCH 1987 SWAMP AREA SLUDGES AMD SOILSU)

ARCO CHEMICAL CQMPAHY
CMADEVHUTTEM, OHIO

00001787

SAMPLE IDENTIFICATION DEPTH
AREA INTERVAL
MO. 2 (ft)

C-10.5 0.0-0.5
C-10.5 0.5-1.5

POLYCHLORINATED BIPHENYLS
Bg/k((b) SOURCE AROCLOR(c)

0.30U(d)
0.11U

--(e)

AREA
MO. 4

CH-9.5
GH-9.5
CH-10
CH-10
CH-10.5
CH-10.5
H-9.5
H-9.5
H-10.5
H-10.5
HI-8.5
HI-8.5
HI-9.5
HI-9.5
HI-10
HI-10
HI-10.5
HI-10.5

1-10.5
1-10.5
IJ-8
IJ-8
IJ-9
IJ-9
IJ-10
IJ-10
JK-8
JK-8
JJC-9
JK-9
JK-10
JK-10

0,0-3.0
3.0-4.0
0.0-3.0
3.0-4.0
0.0-3.5
3.5-4.5
0.0-3.0
3.0-4.a
0.0-2.0
2.0-3.0
0.0-2.0
2.0-3.0
0.0-2.5
2.5-3.5
0.0-3.0
3.0-4.0
0.0-2.0
2.0-3.0

0.0-3.0
3.0-4.0
0.0-1.5
1.5-2.5
0.0-2.5
2.5-3.5
0.0-3.5
3.5-4.5
0.0-1.0
1.0-2.0
0.0-3.0
3.0-4.0
0.0-4.0
4.0-5.0

0.91
0.11
4.3
0.16
9.0
0.12U
39
0.23
480
8.0
98
2.4
77
2.3
400
2.8
160
6.4

58
2.3
60
0.43
78
2.7
57

0.52
35
2.6
140
0.60
4.5
0.92

1248
1248
1242
1242
1248

1248
1248
1248
1248
1242
1242
1242
1242
1248
1248
1242
1242

1248
1248
1248
1248
1242
1242
1248
1248
1248
1248
1248
1248
1248
1248



TABLE 3-17
(Continued)

00001788

SAMPLE IDENTIFICATION DEPTH
AREA INTERVAL
NO. 5 (ft)

POLYCHLORINATED BIPHENYLS
mg/kg(b) SOURCE AROCLOR(c)

KL-5
n.-a.5
M-2.5
M-3
M-4
N-2
N-3
N-4

0.0-1.0
0.0-1.0
0.0-1.0
0.0-1.0
0.0-1.0
0.0-1.0
0.0-1.0
0.0-1.0

0.20U
0.18U
0.22U
0.44U
1.0
0.21
0.23U
0.18U

1254
1248

(a)Samples were collected on March 26* 1987.
(b)"mg/kg" equals milligruis per kilogram or parts per million (ppm).
(c)The indicated commercial aroclor mixture represents the source of the poly

chlorinated biphenyl contamination and the standard used for instrument
calibration and analysis. All samples were screened for Aroclors 1016*
1221, 1232, 1242, 1254, and 1260 to determine which aroclors were present
in the sample and therefore should be used for instrument calibration*

(d)"U" indicates that the compound was analyzed* but not detected. The
corresponding number represents the method detection limit for the sample.

(e)"—" indicates that PC8» were not detected in the corresponding sample.
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TABLE 3-18
PHYSICAL AMD CHEMICAL CHAKACmiSTICS OP COMPOUNDS IDENTIFIED ABOVE DETECTION LIMITS

AT THE AICO CHEMICAL COMPANY SITE,
CNADBMHUTTEM, OHIO

COMPOUND

VOLATILE OKAMIC OOMTANIMAMTSl

Ethyl ben cene

2-Hevanone

Tet rachl oroethyl ene

Toluene

Total Xylenea

BASK MWtAL ACID KntACTSl

Bia(2-ethylhe*yl)phthalate

Di-n-butylphthalate

Pluoranthene

laophorone

Naphthalene

M-nl tr oaod 1 pheny 1 ani ne

Phenanthrene

Pyrene

CAS NO.

100-41-4

591-78-6

127-18-4

108-88-3

1330-20-7

117-81-7

84-74-2

206-44-0

78-59-1

91-20-3

86-30-6

85-01-8

129-00-0

MOL. WT.

106

100.2

166

92

106

360.6

278

202

138.2

128.2

198.2

178

202

SOLUBILITY
IN H.O
(MR/L)

1.52E+02

1 .40E+04

1.50E+02

5.35E+02

1 .98E+02

NA

1.30E+01

2.06E-01

1.2E-04

3.00E+01

NA

1 .OOE+00

1.32E-01

VAPOR (a) LOG *ow
PRESSURE

(im HR)

7. OOE+00 3.15

2. OOE+00

1.78E+01 2.60

2.B1E+01 2 .73

l.OOE+01 3.?6

NA NA

l.OOR-05 5.60

5.00R-06 4.90

4.40E-01
<25*C)

1 .OOE+00
<53'C)

NA NA

6.80E-04 4.46

2.50E-06 4.88

REFERENCES

1

2.3 ,7

1

1

8

3

1

8

2,7

2,3

3

1

8
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COMPOUND

MRTAUt

Aluminum

Arsenic

Barium

Cadmium

Chromium (+6)

Chromium (total)

Copper

Iron

Lead

Manganese

Mercury

Selenium

Silver

Zinc

TABLE 3-18
(Continued)

CAS NO. MOL. UT.

7429-90-5

7440-38-2

7440-39-3

7440-43-9

18540-29-9

7440-47-3

7440-50-8

15438-31-0

7439-92-1

7439-96-5

7439-97-6

7782-49-2

7440-22-4

7440-66-6

27.0

75.0

137.7

112.4

52.0

52.0

64.0

56.0

207.0

55.0

201.0

79.0

10B.O

65.0

SOLUBILITY
IN H,0
(rng/L)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

VAPOR(a) LOG KQW
PRESSURE

(mm MR)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

2 .OOE-03

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

REFERENCES

4,5,6

1,5

4,5,6

9

3,9

9

1,5

1,5

3,5

1,5,6

1.5

1.5,6

»,5

1,5,6



O TAIIIJI 1-18
O (Continue)
O
O _____________ _

COMPOUND CAS WO. MOL. WT. SOLUUILITY VAPOR(a) LOG KQM REFERENCES
IN H.O PRESSURE

MR)

OTHKtt

Aroctor 1248 12672-29-6 0.6(b) 4.3(c) 6

Aroclor 1234 11097-69-1 5.7E-02 0.6(b) 4 .3 (c ) 2,6

Cyantde(d)

Endrtn 72-20-8 380.9 2.50E-01 2.00E-07 2,9

Pluoride(d)

Nitr«tc(d)

MA • No data
available

(«) Vapor prcaaure If (iv*n at roo» temperature unlevi otherwiie indicated.
(b) With no Aroclor apecific data available, the highett vapor pressure Cor the chlorinated biphenyls of concern was

•el acted to represent the «a>i«ua potential for migration by the airborne pathway.
(c) With no Aroclor apecific data available, the lowest log Kow for the chlorinated biphenylt of concern was selected to

represent the M«ii»u» potential for Migration in groundwater.
(d) Hay emltt In multiple formt.

(1) WWA, 1989
(2) Vtrtchueren, 1983
(3) RTEC9, 1983
(4) Merck Index, 1976
O) CMC Handbook, 1964
(6) Sat, 1984
(7) CHEMTOX database, 1987
(8) Super fund Manual, 1986
(9) Clement Aasoc., Inc., 8$



O
O
o
O

TABLR 3-19

RMVUOHMEWTAL TCAMPOmATIM QT OtCAHtC COMPOUNDS IDKWTtFlRD AT THR
ARGO CHEMICAL. COMPANY SITE, CMADRMHUTTIW, WHO

CHEMICAL
RELEVANT
PATHWAYS

RATE OF
DEGRADATION COHMRHT

ACID/BASR MVTRAL IXTtACTABLES

Bi•(2-ethylhexyl)phthalate Aerobic
Riverwater
Nodel ecosystem

Di-n-butylphthaiate

Pluoranthene

taophorone

Naphthalene

N-ni t roaod i pheny1antne

Phenanthrene

Aerobic

Anaerobic

Unknown

501 in 14 daya
10Z in 7 daya
501 in 5 daya

S3! in 1 day
98Z in 5 daya
981 in 30 dayt

Unknown

Nicrobial

Evaporation

Microbial

0.1-9.0 )g/l/day

501 in 7-15 hour*

Not available

Intermediate in the degradation
proceai ia phthalic acid which
will undergo decomposition by
soil microflora in 2 daya.

Degradation products are mono-
n-butyl()phthalatv and phthalic
acid.

Biological purification of
mechanically purified sewage
reduced levels from 14.6 ppb to
0.26 ppb and from 1.22 ppb to
0.28 ppb in two separate tests.

No information available.

Degradation to carbon dioxide
and water by certain species
of Pseudotnonas

Calculated half-life in 1 •
depth of water at 25'C.

No information available.

Metabolized by Pseudomonas
along a complem pathway to It2-
di-hydrOKynaphthalene which is
then presumed to be further
metabolized to carbon dioxide
and water.

Pyrene UV irradiat i Unknown To bipjrrene and pyrenedione
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TABLE 3-19
(Continued)

CHEMICAL
RELEVANT
PATHWAYS

RATE OP
DEGRADATION COMMENT

VOLATILE OtCABIC COVTAMIUUmt

Rthylbentene Biodegradation

2-Hevanone

Telraehloroethylene

Toluene

Xylene

OTHEtt

Endrin

FCBa

Evaporation

Biodegradation

Microbial

In activated
aludge

1001 in 8 day*

901 in 90 siin.

100Z in 8 daya

100Z in 8 daya

Photooxidation 75Z in 7 dayt
by UV light

10-151 in 2 daya

In presence of Other components
of high octane gas.

No data available.

Prom water at 25*C.

Incubation with natural flora
in ground water at 1*C (in
presence of other high octane
gas components).

In presence of high octane gas
components

In aqueous medium at 90-95'C.
Forms COj.

As chlorine content increases
degradation decreases.
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TUU 4-1
MMMMT Off OMUL IMMQUIC MB t.f. TOKICITT T1IT WTMM M4VLTS

IM9 MOHITOttM HU. MIL MRIHC SMTUS(a)
*KO CWMCM. COrMPt

a 10

SANPI.F twwTtr irATirm
COfKtNTMttOM

UNITS

•*•«>

M-lvl*:

CtircMiiHB. Hvt*v

ChraattM. Total

Iran

*-l.

pp»

1.1

•f» M.ooo

. TOI.(c)

<O.OJ

<0.0l

O.I

<0.01

0.01

17
11

MI-1, §-»
TOTAL t.P. TOI.

<0.5 <O.O1

<0',5 <0.01

1.1 O.I

<o.i p. 01
11 0.05

15.000 1.5

150 5.1

MI-1, 5-1
TOTAL K.P. T0».

It <0.01

W <O.07

ft. 4 I.I

<0.l <0.0|

•50 O.IB

57.000 11

1.000 14

Mil-7.
TOTAL E

1.1

18

H

<0.|

47

14,000

540

S-4
.P. TOK.

<0.01

<0.07

0,1

<0,OI

0 01

5-

1.7

HW-1. S-ft
TOTAL t .P. Tftt.

<0.5 <0.07

<O 5 <O.M

11 0.7

<0 1 <O.OI

17 007

IB. 000 5t

560 17

Ny-i. s-i
TOTAL e.p. Ton

(o.5 <n.ni
77 <0 n l

40 04

ro.i <o oi
41 0.07

7(1, 000 77

940 | \

MW
tOTAI.

% 0

5.n

61

<0.l

57

H.OOO

%in

1. S-l
t P TOK

<o 07
'O 07

O f.

'O 01

0.04

*n 01

1 i
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SAMPLE IDeWTlriCATIO*

PAMMTttS CMCtWTUTlON
UNITS

Crinl4«. To(«l

Chrn«tiM, Total

Iron

HM-1
OTAK fc)

<0.1

<0.*

1.7

<0.l

11

17,000

470

. »-'
I. P. TOI.(e)

<0.«

<O.OJ

0.1

CO .01

0.0*

V*
11

NW-4,
TOTAL I

<0.5

H

I.ft

<0.l

1M

41.OOO

«0

S-l
.P. TOI.

<007

0 07

1. J

01.01

0.11

0.11

17

MM-4.
TOTAL C

<0.>

<n *
7*

<0.l

11

§4,OOO

ftOO

S-4
.p. TO*.

<001

<0.07

0.1

<o.oi
0.0«

IfcO

4.4

HU-4. S-10
TOTAL P. . P TOI .

0.7 f 0 01

o i <n 07
1 . 7 0 1

(O.I <0.01

11 0 05

16,000 )ft

170 ft, 7

WI->. S-l
TOTAL t P. TOI

<0 1 <0 O7

7 « 1 07

M 1 4

(01 0 17

• 7 0 14

7»,ooo ftt.n\
1,100 1.7

NU-%. 5-1
TOTAL F. P TOI

<0.> <0 01

1 " *O 07

71 0 1

<0 | <0 01

It 0 07

%7,000 17

no 1 ft

HW-V S-7
TOTAL t f TO«

.0 1 (0 07

1.7 ( f l 07

1A 0.1

«i . i (o.oT
10 n 04

17,000 17

1*0 fl <.
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TAtU

SAHPU IDCHTIPICATION

PI uof |

I tun

COMCEKTRATION
PAUMUIS mm

. A»cn*bl« tf*

, Tu(«l ppa

« pp*

HOB. M**«v«l*nt pf«

!«•, Toltl pp*

PP»

••••• pp»

IW *, S-4 NH-fc, S-I
TOTAL(b) t.p. TOI.U) TOTAL E.P. TOI.

<0.i <0.01 <0.5 <O.OI

<O.S <0.01 <0.) <0 07

1.) 0.) I.I O.I

<0.l <O.OI <0.l ' <O.OI

11 0.0* 11 0,06

18.0OO M ll.OOO 11

*M> 10 ISO 7.5

Ml-fc,
TOTAL C

<0.5

<o.$
1.0

<0.(

r.4
11.000

190

S-l
.P. TO*

<0.01

<0.07

O.I

(0.01

0.04

14

4 t

w-r.
TOTAL C

o.r
O.I

2)

<0 1

40

11,000

1.100

S-l
.P. TOI.

<0.01

<0 07

0.2

<O.OI

0.01

o.«
1)

TOTAL

<0.1

<0.5

14

(0.1
II

41,000

MO

t.P. TOI.

<0.01

<0.01

0 2

0.01

0.04

10

11

m-i. s-)
TOTAL t.P. TOI.

<0.) <0 01

O.I <0.01

* f 0.1

<0.l <O.OI

10 O.O4

u.noo 4.1
4» l.i

MW-I. SI
TOTAL E.P TOI

<0.t <O.O1

<o.i <o.oi
1.4 <0.l

<0.l <O.OI

11 0.04

11.000 ir
*W 11
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SAMPLE IDCMTIFICATIOH
• A H A M V T I B t COMCINTMTIOM

C L ^ UNITS MI-8. S-4 HU-8. $-4 MI-4. S-l MI-1. S-1 Ml-t. S-4 MI-1, f-l
TOTAL(b) E.P. TOl.(t ) TOTAL C . P . TOI. TOTAL E.P. TOI. TOTAL E P. TOI TOTAL If TOI. TOTAL E P. TOI,

Cyanide. tarn«bIt ppa CO.) <0.01 CO.I <OUI 1.4 <0.01 Of <0.01 <0.) <001 <0) CO-01

ltd*, Tutal pf« CO.) <0.01 <0 S <O OJ 4.0 <0 01 II <0 01 <0.) CO.OI CO.) <0,O1

Fluuiidt pp* 1.0 <O.I 0.6' O.I I.I O.I 1.0 0.1 l . fc 0.1 4.1 0.)

iiuNit*. MrMovalcnt pp» 0.) MJ-OI CO. I U.01 CO.) <O.OI <0.1 <O.OI <0.1 <O.OI <0.l <O.OI

lua. Total PPM II 0.04 II 0 OB II 0.0) I* 0.0) |0 0 M II 0.01

Iran pp> 11.000 VI 11.000 1) 47,000 <O.OI 40,000 9.1 ll.OOO II I*.000 11

980 10 110 *.) 110 7.1

pp*
pf*
PI*
pp«"
pp»
pp-
pp.

1 1 bat in| aa«p|<

o CP loau ilr 1
aluat ing Sol id

<0.) <0.01 <0 .1

CO.) <0.01 <0 S

1.0 CO . 1 0.6'

0.) CO. 01 CO.I

11 0.04 II

11.000 VI 11.000

no ii 140

i* mr« collated Iraai March 18, l«l)

laothai* t>n«ia(*d bv th« CmiattioM
Maat*: Phyaii al/Chi«ji( al Htlhodi,"

<O UI

<O.OJ

0. 1

(1,01

a 08
»)
i.)

to April ».

rnxvdur* U!
SU-B44, SMAI

1.4

4.0

I.I

CO.I

11

47,000

8W

IM),

[at|/k|> Of

•4 Uit io*
w/kil or i

CO. 01

<0 01

O.I

CO.OI

0.0)

CO.OI

1.1

lew i a*

Mfla k

in4ic«i«4 *«|i«if (*pr>**ni ih« iol*l <OM*HIT*I i»n in •illisr*a« f«r htlo|rM (•|/k|> or p«ft» per Billion < ppa) ttf I!M c«tr*apo«4int P«f*»«t*c fr*a*M in ih* •••»!•,

(L)"E P. T0>" t*l«r* 10 CP iniuilr t'Khai* |*n«t •i*d by th. CmiwiioM PriH.v4ur* 4CPt Toiitily T«*t HtlHod, SU-I1IO. •• 4*«crifc«4 i* "V.t. l«iiironm*«t«l Pruivdio* A*«IMV. IM4,
*t* Character i ••! ION l««*cli, Olllc* •! Solid **••!•, yaakiNfiaM, DC.

P«f •" ' •*• *PP»>- Th« CP T» icily T*lt
•n*lyHi •(• r«fart«d i**illitr«B* p«t lit*r (•§/!) at f pM.

(«)"'" •* !••• tka* Ik* rvporlvd value uhiih it the dvtcciion li»it at the Hialiiiti.



TABLE 4-2

CROWD WATER LEVEL ELEVATIONS
ARCO CHEMICAL COMPACT

OHIO

00001798

MONITORING n.T!
LOCATION

MW-1

MW-2
MW-3
MW-4

MW-5
MW-6
MW-7

MW-8

MW-9
PW-4

PW-5

, INITIAL
READING

318.3
817.6
813.8
811.7
313.1
816.3
815.7
817.2
315.8
«
—

4-10-85

319.6
318.2

(818.5)
817.2
818.1
318.0
317.4

817.9
817.5

—
—

7-30-85

813.6
813.1
813.3
812.9
813.5
813.1
812.9
312.7
813.8

—
311.1

11-4-85

313.5
813.7
813.9
813.8
815.3
812.6
313.0
312.5
314.2
809.0
805.7

1-30-8*

818.0
316.1
815.8
816.1
316.9
316.2
316.1
815.7
816.4

—

—

MONITORIHC D.TE
LOCATIOM

MW-1
MW-2

MW-3
MW-4

MW-5
MW-6
MW-7
MW-8

MW-9
PW-3
PW-4

PW-5

River near MW-7
River at Railroad I

7-17-86

(816.7)
815.8
315.9
316.0
316.6
815.8
815.3
315.6
316.2
—

817.2
811.9

Jridge

9-29-86

314.3
813.3
313.4
813.9
314.5
313.2
813.3
313.1
313.5
—
—

309.3

11-20-86

814.9
814.1
814.4

814.0
814.4

313.9
313.9
813.6
314.5
—

314.4

809.0

1-29-87

316.4
314.8
814.7
(814.4)
315.4
814.9
814.6
314.3
314.3
—
—
—

2-25-87

815,2
813.8
313.8
813.7
813.6
813.3
313.5
313.4
813.9
—
—

304.3

313.1
313.8

3-26-3

814.3
313.5
313.6
313.3
313.4
313.6

313.2
313.1
313.6
314.6
814.1

308.9

812. S
813.)

OTE: Elevations given in feec above mean sea level
Values in parenthesis are estimates.
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TABLE 4-3

SUMMARY Of NOVEMBER 1986 SPECIFIC CONDUCTIVITY PROFILE RESULTS
GROUND WATER MOM I TOR IK WELLS, ARCO CHEMICAL COMPANY,

CMADENHuTTEM, OHIO(a)

MONITORING WELL NUMBER

DEPTH BELOW TOP MW-i MW-2 MW-3 MH-4 NW-5 MW-6 MW-7 MW-8 MW-9
OP CASING (FEET)

SPECIFIC CONDUCTANCE
(unho/ca)(a)(b)

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48

STATIC WATER TABLE DEPTH
(Feet Below Top of Casing).

23.3 20.5 21.2 14.5 14.7 23.8 10.3 18.3 10.3

(a)Specific conductance values in micromhos p«r centimeter (umho/cm) measured using Yellow
Springs conductivity meter with a 50-foot cable attached to the probe. The measure-
ments were conducted November 18 through 20, 1986 during the final quarter ground
water monitoring.

(b)Cround water samples were obtained at two levels: The Lower level was sampled at
37 feet below the ground surface (at about 40 feet below the. top of casing) in all
the wells. The upper level samples were collected at different depths in the
.different wells, indicated with an esterisk(*) following che conductivity value
nearest that depth.

-

-
-
-

800
300
800*
800
800
800
800
800
300
790
800
300

-•

-
1,400
1,450
1,410*
1,410
1,410
1,400
1,400
1,400
1,400
1,400
1,480
1,580
1,600
1,620

-

-
1,390
1,390
1,900*
1,390
1,390
1,880
1,350
1,350
1,350
1,820
1,810
1,800
1,790
1,660

1,650
1,610
1,700
1,750*
1,700
1,500
1,510
1,510
1,500
1,490
1,490
1,500
1,500
1,510
1,570
1,600
1,590

1,500
1,500
1,510*
1,510
1,510
1,510
1,500
1,500
1,500
1,490
1,490
1,490
1,480
1,500
1,520
1,520
1,600

-

-
•*

880
820
810*
810
810
800
300
800
810
810
830
830
840

1,280
1,290
1,300
1,300
1,290
1,290*
1,280
1,250
1,250
1,240
1,230
1,220
1,220
1,220
1,220
1,220
1,200
1,180
1,180
1,200

-

1,010
1,010
1,010
1,010*
1,010
1,000

950
900
900
900
900
900
900
900
900

1,200
1,210
1,210
1,210
1,210
1,210*
1,210
1,210
1,210
1,210
1,210
1,200
1,190
1,180
1,140
1,110
1,100
1,100
1,080
1,090



TABLE 4-4

CYANIDE SUMMARY OF
QUARTERLY GROUND WATER MQMITORIMCU)

ARCO CUDtlCAL COMPANY
CNAJKMHUTTVN, OHIO

QUAKTtKLV HUNITOHIMG

Apr i l 9-12, 198)

Cyanide, Total

Ju ly 30-31, 198)

Cyanide. Total

November 4-), 190*

Cyanide, Total

January 29-10, 19B6

Cyanide, Total

November 16-20, 1986

Cyanide, Total

January 21-29, 1987

Cyanide, Total

C OHC t MIRATION
UNITS

•«/l(b)

•g/l

•v/1

•ft/I

•ft/I

•c/i

SAMPLE IDENTIFICATION
My- 2

UPPER
ZONE

0.22

0.07

0.0)

0.21

0.17

0.18

LOW EH
ZONE

0.2)

0.11

0.0)

0.27

0.1)

0.23

MU-3
UPPER
ZONE

0.36

0.02UU)

0.23

0.2)

0.28

0.39

LOUER
ZONE

0.29

0.06

0.47

0.33

0.21

0.39

HU-4
UPPER
ZONE

0.3)

0.17

0.09

0.17

0.2i

0.05

LOUER
ZONE

0.26

0.21

0.08

0.13

0.14

0.12

MM- 5
UPPER
ZONE

0.04

0.07

0.08

0.09

0.11

0.70

LOUER
-ZONE

0.0)

0.0)

0.0)

0.12

0.12

o.to

MM- 9
UPPER
ZONE

0.08

0.10

0.0)

0.1)

0.06

0.02

LOWtK
ZONE

0.07

0.08

0.0)

0.18

0.0)

0.02

(a)Cyanide concentration* are suOMarized for those Moni to r ing we l l s which exhibited values greater than 0.02 • i l l i f traa i per
l i t e r (•*/!>.

(b)"nft / l" - ml l igraas per l i t e r or parts per M i l l i o n (pp«>.

<c)"u" i n d i c a t e * that the cuatpound was analysed, but nut detected. The corresponding number represents the Method dttecnon lintt
lor the » « a l e .

o
ooo
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TARLE 4-)

CUROHIUN SUMMARY Of
QUARTERLY GROUND WATER MONITOtlNCU)

ARCO CUailCAL COMPANY
CMAMMMfrnUI, OHIO

QUARTERLY MONITORING

April 9-12. 198}

Chroouua. Heiavalent
Chro»iust, Total

July 30-31. 198}

Chroauu*, Hc»*valent
Chroaiua, Total

November 4-S, 198}

Chrosuu*, Hexavalent
Chraauua. Total

January 29-30, 1986

Chro»iuM, Heiavalcnt
Chroauu*, Total

November 18-20. 1986

Chroeuua, Uexavalent
Chroauua, Total

January 21-29, 19*1

ChroMiu*, Heiatfalenl

CONCENTRATION
UNITS

•g/Kb)
•»/!

•i/l
-«/l

•g/1
«•/!

•*/!
«/l

•g/t
^/l

•g/l

HW-3
UPPER UWER
ZONE ZONE

O.OlU(c) O.OIU
0.02 O.OIU

O.OIU O.OIU
O.OIU O.OIU

O.OIU O.OIU
0.05 O.OIU

O.OIU 0.01
0.02 0.02

0.03 0.03
0.02 0.02

0.02 O.OIU

11 HU-5
UPPER LOUER
ZONE ZONE

O.OIU O.OIU
0.04 O.OIU

0.13 0.13
0.11 0.13

0.02 0.01
0.04 0.03

0.04 0.03
0.02 0.02

0.01 0.0}
0.01 O.OIU

0.02 0.03

SANPLB IDENTIFICATION
1 —— SiTT ——— 1 ——— ̂  —————— ™ ————

UPPER LOUER
ZONE ZONE

O.OIU O.OIU
0.02 0.03

O.OIU O.OIU
O.OIU O.OIU

O.OIU O.OIU
O.OIU O.OIU

O.OIU 0.01
O.OIU O.OIU

O.OIU O.OIU
O.OIU O.OIU

O.OIU O.OIU

MW-f
UPPER LOUER
ZONE ZONE

0.01 O.OIU
0.11 O.OIU

0.10 0.10
0.0} 0.0}

0.08 0.07
0.06 0.04

0.00 0.0}
0.04 0.04

0.03 0.01
0.02 0.01

O.OIU O.OIU

HU-I
UPPER LOUER
ZONE ZONE

O.OIU O.OIU
0.0} 0.02

O.OIU O.OIU
O.OIU O.OIU

O.OIU O.OIU
O.OIU O.OIU

O.OIU O.OIU
O.OIU O.OIU

0.03 O.OIU
O.OIU O.OIU

O.OIU O.OIU

—— 5SF5 ———
UPPER LOUER
ZONE ZONK

0.14 0.14
0.14 0.14

0.14 0.10
0.10 0.06

0.10 0.10
0.10 0.08

0.13 0.13
0.11 0.11

0.06 0.06
0.04 0.04

0.02 O.Q1U

PW-4

O.OIU
0.08

O.OIU
O.OIU

O.OIU
O.OIU

0.02
0.02

O.OIU
O.OIU

O.OIU

(a)Chro»iu« concentrations are luowariied (or thote Monitoring we l l* which eihibited values greater than 0.02 mi II ift»m per l l l«r ( K g / I ) .
<b)"ni*/ l" * M i l l i g r a m s per l i t e r or parts per B i l l i o n (ppO.

U )"U" mditatcs thai ih« tfMtpowM was aaalyi«d, but nul d « i « c i « d . Th« corresponding number represents the Method detection Unit for the

o
o
o
o
a>
o



TABLE 4-4

PLUM! DC SUMMARY OP
QUARTSU.Y (SOUND WATER MONITOR1NC(•)

ARCO CHOUCAL COMPANY
, OHIO

QUA*TtHL¥ HONITOH1NG

April 9*12, 19ft)

July 10-31, 19Bi

Nuwnber 4-5. 19bi

January 29*10, I9ftt

Nove»bcr lft-20, 1986

CONCENTRATION
UNITS

•ft/Kb)

^ /I

•K/l

•«/!

•ft/1

SAMPLE IDENTIFICATION
HU-2

UPPER LOUtH
ZONE ZONE

0.6 0.6

0.2 0.2

O.I 0.1

O.i 0.)

0.) 0.3

HU-3
UPPEB LOWEft
ZONE ZONK

5.9 i.l

i.a t.a

4.0 4.4

b.O 5.9

6.4 5.6

NU-4
UPPER LOUEH
ZONE ZOMU

8.0 J.fl

ft. 7 ft. 6

a.i a. 2
7.3 1.4

6.0 6.4

w-s
UPPER LOWCB
ZONE ZONE

4.2 4.4

3. ft 3.7'

3.6 1.7

3.4 3.4

3.5 3.8

HW-7
UPPER LOWER
ZONE ZONE

2.0 1.6

2.0 2.2

2.3 2.1

2.6 2.6

2.4 2.4

HM-9
UPPER LOWER
ZONE ZONE

7.2 6. a

5.6 4. 8

7.2 7.2

7.1 7.0

4.0 3.9

(•)F)uoride concentration* «r* luMurtzed (or thoie Monitoring wells which exhibited values greater than 1.0 Milligraai per liter
(•*/!).

» sutligraM per liter or parts per Million (pp»).

oooo
00o



•iTun SUNNAH or
QUAnULT CIOHND U4TU MM 1 TIM INC< •)

UCO CMNICU. CUMTAnr
i. mo

SAMPLE IDEHTiriCATlOM

QUANTlMLY HUN1TONIHC

A(>( i 1 9-11. 1 9«

July JUll . l*»i

J^nuAiy 29- JO, 1906

Muv^bci 10-20, 1906

CUNCEMT RATION
UNITS

•(/I NOj""

•g/l NOi-N

•I/I NOj-M

HU-1
UPPER
ZONK

1.6

2.4

3.6

UMER
ZONK

1.0

I.)

).t

UPPER LOUER
zone ziwe

1.7 1.1

•> 0 4.«

2. B 2.7

NU-)
UPPEH UMEH
ZUNC ZUN£

9.1 11

1.0 2.7

4.0 4.)

NU-4
UPPEft
ZONE

0.7

0.2

1.7

UMt.ll
ZONE

(0.1

0.2

<0 I

O.I

1.4

HU-6
UPPt*
zone

19

).0

6.4 .

1.2

6.4

ZONE

21

6.6

• •I

6.6

M
UPPER
ZONK

O.t

6.4

f .2

1.4

1.0

rf-7
UHIEI
ZONE

0.)

7.4

l.J

1.2

0.6

N
UPPF.H
ZONE

O.t

1.6

0.9

0.9

I-B
LOUEK
ZONK

«-U 1

1.0

0.7

0.1

UPPER
ZUNE

2 . 1

2.0

1.0

1.0

0.7

I'V
UMEH
ZiWC

2 - 4

1 %

1 0

1 0

1.1

( * ) N i i ( * i e concentration* arc «<M««ri»*4 fur thoM Monitor ing w e l l * Uiith Kjihibilcd v«lu«i |r««t*r Ihwt l . 0 * i l l i ( r « * p*r l i l*r
(b)"«B/l" » •iUi|r«M p«i lii*r or p*ct» p*c •ill ion (pp*>.

iait of the

o
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TABU 4-9

SUNHABY Of HAZARDOUS SUBSTANCE LIST OBCAMIC CONFOUND HBSULTS
ATBJL I9U riBST QUMTtt CBOUND UATU HOHITOBIHCU)

ABCO CHKN1CAL COMPANY
OIAUNHUTTKH, OHIO

SAMPLE IDENTIFICATION
PARAMETERS CAS NUMBER(b) CONCEHTBAT1ON HU-l MH-2 HW~1 NW-S MU-fc PU-)

UNITS 20 PEET 18 FEET 16 PUT 17 PUT 19 PKET PUHP ZONE

Volatile*!

Tetrachlorocthylcnc 127-lft-^ uj/l(c) 6.6 5.1 9.7 BDL BUL BUL
Other Vol.til.* — ug/1 BDL(d) BDL BOL BDL BDL BUL

Acid/Baie-Heulral EMlractablci — ug/1 BDi. BDL BOL BDL BDL BUL

Pe»i icidei/Pol ychlor in«ted BiphenyLt — ug/1 BDL BDL BDL BDL BDL BDL

(•)fir«t quarter ground water •nnitoring iMtplet were collected fro* April 9, 19fli to April 12,

(b)The nuaibere presented in thi* coluatn arc the Cheaucal Abatracta Service (CAS) nuabera u«ed (or cataloging the indicated
coetpounda in the Ctieatical Aba tract* Indea.

(c)"ug/lM - Bicrograeia per liter or pan* per billion (ppb).

(d)"BDLM indicate* not detected above the U.S. Environmental Protection Agency (KPA) Contract Laboratory Program (CLP) Hacardou*
Sub*tance Ltet (HSL) contract required detection Unit* (CBDL).

O
O
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TAIL* 4-1*

MMUCf Of HAUUOUt tOMTUCK LIST OBC4HIC COOTOUW UftULTS
JULI 194* MCflMB QUOTH CUUMft UATU MMIT<* !•£(•>

AflCO CMM1CAL CttVAIT
mo

CONCENTRAT ION
UNITS

U./l(b>

ug/l

Mf-l
29 FEET

•OL(c>

•OL

HU-2
21 FEET

•DL

•DL

HU 1
24 FEET

•DL

•DL

NU-4
I/ FEET

•OL

•DL

tv-'t
!• FEET

• OL

•DL

MI-»
2% VICT

•DL

•OL

NU-(
11 FKT

•DL

MM.

MI-9
22 FEET

•OL

•OL

PHNP
ZONE

• Dl.

•DL

PIMP
ZONE

• DL

•DL

IDENTIFICATION

PAftAftCTEMS

Vulal *!«•

At id/kaae-N

la) Second quarter ground wat«r •onitorin| •mpl«a w*r« collected fro* July 10, 199) to July 31,

(to)Hu|/l" * ancro§ra»a per I it*t or part* per billion (ppta).

(O***DL*" inditctva not 4«t«ct«d above ib* U.S. Eavironatcntcl Protection Ag«ncy (EPA) Contract Laboratory Program (CLP) Hasardoua
SubmancK Lilt 1NSL) contract taquir*4 d«t*ctt«n liaiita (CHOC).

o
o
o
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TAIL* 4-11

IIMUAV OP miiinniM MIMTAMCI LIST O*CANIC OMKMMD USW.TS
MW1NMB 19*4 PI HAL QUAITU GKOUMD UATB* N

AIGO CHEMICAL OuMTAMT
OHIO

FM-4 py-i
CAS REGISTRY COHCCHTUTIOH HU-1 *«-2 HM-J HU-4 HU-) HU-4 MJ-I W-l Nl~9 PUMP PUMP

PARAMETERS HUMICKb) UNITS 21 PECT 2} PEET 24 PEBT 20 FEET 19 FEET 24 PECT II PEET 21 FEET It PUT ZONE IOM

Volatile^!

Hcthylco* Cbloria* H-09-2 u«/Uc> 1HU1 III 141 III 111 121 i.ll l.ll ),OI li» 1.91
Action* 4>-44-l ut/l HI 1)1 441 )4I 111 IDL(«> )2I 97» 241 1401 BUL
ToU«n* 10I-M-1 ug/1 IOL IDL MM. IDL IDL BOL BDL »OL IOL 4.9 IDL
Total Iyl*n*(l> 1110-20-} u«/l 4.21 IOL IDL IDL IDL ML ML SOL IOL 111 IDL

1,1-Oicblorobancana >4|-U-I u|/l IOL IOL IOL IDL IDL IDL »DL 111 |DL BDL BOL

(•)Fin«l qucrtcr (round *Mt«r MoaitoriAt •*•>»!•• w«r* collected fro* Uowcabcr II t 1914 to Hovoojbcr 29. 19*54.
(b)Th« nuBibtri ort»*nt*4 i« tbi* col MM «r« the Cb*»ical Ab*tr«ct» S*r«tc« (CM) ••fiitry Muabtr* «••* far

tb* t»4icat«4 co»fOM»4t »• tbt Ch*«ic»l Abilrccti IM*>.

(c)Nu|/)M * •icr«cr*M »«' liter or narto p*r billion (ppb).
(4)WBM in4u«t*« (bat th* corr**»o*4ins coa»own4 **•• found in th« blank *• well •• tb« •••ol*.
(*)"IDLM indic*t«i not fl*t*ct*4 •bov* ih« U.S. fnviro«MMnt«l Prot«ciio* AfMicy (IPA> Contr*ci. Laboratory Pro|ra») (CLr>

Ua»ar4ow« tubttanc* Li«t (H$L) contract ra^uir*4 a*t*ction li«ill (CHOL).

oooo
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TABLE 5-1
TUSCARAHAS RIVER STOftKT DATA(a)

00001808

PARAMETER UNITS(b) NEHCOMERSTOWB CSADEHHUTTE* NEW PHILAOELPHZA

Alkalinity, Total
pH
Field Conductivity
Aluminum
Chloride
Chromium
Cadmium
Copper
Cyanidev Total
Fluoride
Iron
Lead
Magnesium
Manganese
Mercury
Nitrate
Phenols
Phosphate, Total
Sulfate

mg/t CaCO
pH units

umhos/cm f. 25"C
Bg/t

mg/t
ng /I
mg/t
mg/t
mg/t
og/t
mg/t
mg/t
mg/t
mg/t
mg/t

mg/t M03-N
mg/t

mg/1 P04-P
mg/t S04

100.86
7.75

1,109.0
0.97
95.55
0.03
0.003
0.039
<0.0l
1.3
2.57
0.01
24.98
0.60
0.0005
1.72
0.007
0.24
172.07

128.0
8.4

1,086.3
0.80
131.0
<0.03
0.002
0.01
<0.01
NA(c)
1.34
0.005
26.58
0.49
NA

2.15
0.010
0.20
186.0

111.0
8.5

1,050.0
0.80
146.0
<0.03
<0.0005

0.01
o.ou
NA

1.2Z
0.003
24.86
0.66
NA

2.84
0.012
0.28
170.0

(a)Concantrations are mean values for 1977-1985 at Newcomerstown, for 1983 ifflmediately
upstream of Gnedenhutten and 1983 at New Philadelphia. Source of data is the Ohio
Environmental Protection Agency, 1985.

(b)mg/t - milligrams per liter.
(c)NA * Noc Available.



00001809

TABU 5-2
SONNW or otOMioN urn POLTCHLOtuuno iiravTu USULTS

rot TB nviKBtt 19U RIVM SSDIMIR SAIVLU<*)
CHttlCAL CGVAir

OHO

SAHPU IDCNTIPICATIOR

RS-2-1
R3-2-2
RS-2-3
as- 2 -4
M-2-5
RS-2-4
U-2-7
RS-2-8
RS-2-9
RS-4-2
RS-5-2
RS-6-2
RS-7-1
U-7-2
RS-7-3
RS-7-4
R3-7-5
RS-7-*
RS-7-7
RS-8-2
RS-9-2
RS-lO-l
RS-10-2
RS-10-3
RS-LO-4
RS-10-3
RS-11-2
RS-12-2
RS-U-1
RS-14-2
RS-14-3
RS-U-4
RS-U-5
U-U-6
RS-14-7
RS-U-8

CoapoiiC* IS-l.2,3 Trtvtrw*
CompociCtt tS-4,5,6 Trcv«tM*
Covpoait* RS-7.3,9 Trxv*r«a«
Coapo«it« 15-10,11,12 TrcvvrMt
CoBpoait* RS-13, 14,15 Trcv«rt«t

TOTAL
CHROMIUM

<«C/kt)(b)

38
70
78
67
83
61
82
74
57
78

120
82
120

. 60
69
89
81
58
56
120
100
180
83
85
29
32
46
55

120
65
71
67
45
51
49
100

17
38
48
33
59

KEXAVAURT
CH10HIUM
(M/k,)

O.lSJ(c)
1.20

0.29J
0.14J
1.20
1.20

0.43J
0.44J
0.33J
0.84J
0.74J
1.10
1.5

0.91J
0.89J
0.29J
0.27J
0.29J
0.56J
l.S

0.42J
0.17J
0.58J
0.45J
0.27J
0.4U
0.13J
1.30
1.30
1.2U
1.20

0.14J
1.10
1.10
3.20
1.4U

1.20
4.1
1.10
3.10
3.00

POLYCHLOtlHATID
BtPHENTU
t^/k«)

0.160(4)
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160
0.160

0.47U)
0.160
0.160
0.16U
0.160
0.16U
0.160

O . l l ( f )
0.160
0.16U
0.160
0.160
0.160
0.160
0.160
0.160

0.160
0.160
0.160
0.160
0.160

(«)StapLu w«r« colltct*d from November 11, 198ft to Nov««b«r 14, 19M.
CbJ''*!/^11 equali •illigrau per kilogra* or paro p4r •illioa (pp«>
(e)^1* indicate a chat tha corraipoodiag compound ia pr«a*oc, bvc tb*

calculated concentration ia leaa than the «pacified detectio* liaic.
(d)**UH indicate a that the compound vaa analysed, but aot detected. The

corresponding aiaiber repreeeata the method detection limit for the «ample.
(e)Tha aource aroelora for th« indicated polycbLorinated biphenyla Mr*

ArocLor 1248 and 1254.
(£)The aource aroclor for the indicated polychlorinated biphenyla waa

Aroclor L248.



TABLE i-1
ESTINATVD CONSTITUENT LEVELS IH THE T1ISCAEA1IA3 EIVBl

CONPARED TO STANDARDS AMD CRITERIA

CONTAMINANT
CONTRIBUTION
TO EIVEE

CONCENTRATION*
(Mg/t)

NATIONAL
WINKING WATER

STANDAED OE HCL
(Mg/0

be
CEITEEIA FOE

PRESH WATEE PISH
CHROMIC EXPOSUEEC

CRITERIA POA
UATER AND PISH

INGESTIONC

Chroauuai (bezavalent)
Chroauuai (Total)
Cyanide
Pluoride
Nitrate (NO}-N)

Tetrachloroethylene

0.41
0.41
l.W
25.5
26.7
0.04
0.03

SO
W*
200

4,000*
10,000
10

11

5.2

36
B40

SO

200

10,000
10

O.ft

*A dilution factor of 2.93 m 10~3 waa uied.
""NCLM ia a AaiiHiai contaainant level, enforceable drinking water atandard under the
Safe Drinking Hater Act.

ctlater Quality Criteria, Nay 19B». U.S. Environmental Protection Agency, U.S. EPA 440/5-86-001
dNove»ber 13, 1905. Pederal Eegiatar SO PE 46902.
*40 CTE fart 141.11(c) National Primary Drinking Hater Regulationa.

O
O
O
O
M>
CD
H*
O



TABLE 8-2
MONCABCIMOCEMIC RISK FACTORS

POK A CHILD VIA WATER INGESTIOtf

00001811

CONSTITUENT

Chroaiua (hexavalent)
Chroaiua (total)
Cyanide
Fluoridt
Nitrate <N03~N)
Selcniua
Tetrachloroethylene

CONTRIBUTION
TO RIVER

CONCENTRATION
(ug/t)

0.41
0.41

1.38
25.5
26.7
0.04

0.03

ORAL
REFERENCE

DOSE
(mg/kg/day)1

5.00 x 10"3
-d

2.00 x 10"3

6.00 x 10"2
-d

3.00 x 10"3

2.00 x 10*2

AVERAGE
DAILY DOSEb
lag/kg/day

2.05 x 10"5

-

6.9 x 10"5

1.28 x 10"3

••

2.0 x 10"6

1.5 x 10"6

HAZARD
INDEXC

4.1 x 10"3

-

3.45 x 10"2

2.13 x 10"2

-

6.67 x 10"4

7.50 x 10"5

•SPHEH, 1986b.
^Average Daily Dost Child • (Concentration in Water uj/t) (1.25 t/day)
(1 ac/1,000 u() (1/2S kg body weight) Interpolated from SPHEM, 1986.

cHaxard Index * Average Daily Dose/Oral Reference Doie.
dNone Available.



00001812
TABLE 8-3

tlSK FACTORS ASSOCIATED WITH POTENTIAL
CABCIMOCENS FOB A CHILD VIA HATEE IHGESTIOH

AVERAGE CARCINOGENIC LIFETIME
CONSTITUENT DAILY DOSE

fm»/k»/H»vl(mg/^/day) (Bf/k|/d.y)-l (CR)

Ttcr«chloro«thyl«nt 1.5 z 10"6 5.10 x 10"2 7.65 x 10"8

ASPHENV 1986b.
Lifecioe Cancer Risk • (Average Daily Dost [mg/kg/day]) (Carcinogenic
Potency Factor Ing/kg/day]"1).



TABLE 8-4
NONCABCINOGENIC RISK FACTORS

POft All ADULT VIA HATER IMGeSTIOH

00001813

CONSTITUENT

Chromium (*6)
Chromium (total)
Cyanide
Fluoride
Nitrate (M03*H)
Selenium
Tetrachloroethylene

CONTRIBUTION
TO RIVER

CONCENTRATION
(ug/t)

0.4L
0.41

1.38
25.5
26.7
0.04

0.03

ORAL
REFERENCE
DOSE (RfD)*
(mg/kg/day)

5.00 x 10"3
-d

2.00 x 10"3

6.00 x 10~2

-d

3.00 x 10"3

2.00 x 10"2

AVERAGE
DAILY DOSEb
(mg/kg/day)

1.17 * 10"5

-

3.94 x 10*5

7.28 x 10"4

-

1.14 x 10"6

8.57 x 10"7

HAZARD
INDEXC

2.34 x 10"3

-

1.97 x 10"2

1.21 x 10"2

-

3.81 x 10"4

4.29 x 10'5

•SPHEM, 1986b.
bAvtr»ge Daily Dose • (Concentration in Water ug/t) (2 t/day)
(1 ng/l,000ug) (1/70 kg body weight).

cHazard Index • Average Daily Doee/Oral Reference Doie.
dHone Available.



TABLE 8-5
USK FACTORS ASSOCIATED WITH POTOITIAL

CAICIVOGEMS POt AH ADULT VIA WATQ lUCESTTOH

00001814

CONSTITUENT
AVERAGE

DAILY DOSE
(mg/kg/day)

CARCINOGENIC
POTENCY
FACTOR*

aig/kg/day)"1

LIFETIME
CANCER
RISKb
(CR)

Titrachloro«thyl«n« 8.57 c 10*7 5.10 x 10"2 4.37 z 10"8

•SPHEM, I986b.
^ifctin* C*nctr Riik • (Avcragt Daily Doi« [mg/kg/day]*1) (Carcinogenic
Potency Factor [ng/kg/diy]"1).



TABLE 8-6
SITE SPECIFIC METALS DATA COMPARED TO NATURALLY OCCURRING

BACKGROUND LEVELS IV SWAMP AREA
ARCO CHEMICAL COMPANY
CNADEHHUTTEU, OHIO

00001815

METAL

Aluminum

Arsenic

Barium

Cadmium

Chromium (total)

Copper

n

Lead

Manganese

Mercury

Zinc

BACKGROUND LEVEL*

MEAN DRY SOIL IN MC/KC
AND (RANGE)

71,000(10,000-300,000)

6(0.1-40)

500(100-3,000)

0.06(0.01-0.7)

100(5-3,000)

20(2-100)

38,000(7,000-550,000)

10(2-200)

850(100-4,000)

0.03(0.01-0.3)

50(10-300)

AREAb

1

72000

45

180

6.3

17000

21

18000

87

870

0.96

5500

2

70000

31

190

6.8

17000

24

17000

88

960

0.87

6000

3

39000

26

180

3.4

11000

31

26000

98

1400

0.79

4500

4

60000

57

430

6.0

13000

54

24000

130

7200

0.93

4000

5

36000

35

240

3.6

14000

44

20000

120

5600

0.80

4700

aBowen, 1966.
bTable 3.10



TABLE •-?

METALS AJM)
AMD TMS SLUDGE PIT AMD UMDEBJLY1MC M

ALSCD

CONSTITUENT

Ar««nic

•ACKCfOUID LEVEL*
MY SOIL HE AM

AMD (RANGE)
<•*/*•>

71,0*0 (10,M0-MO,MO)
» («.l-*«)
iM (IOO-3.0M)
0.0* (0.01-0.7)

_c

ium (Total) 100 (i-3,000)

Copper 20 (2-100)
Iron 30,000 (7,000-5)0,000)

10 (2-200)
0)0 (100-4,000)

Nercury 0.03 (0.01-0.3)

(10-300)
_e

Chroaiua
(HcHavalcnt)

Zinc

Cyanide (Total)

MI I HUH COMCEHTBATION IM
IMPOUMDMBMT AMD SLUDGE PIT

SUEPACE SUIDCESb

<••/•*)

49,000
37
130
*.}
0.1

11,000
33

23,000
170

1,000

IB

1.7

1,700
S,000

• T*m •WniBU
ILS AS OOM»AEBD
•M*.nm»« ••«•

HUTTB*, OHIO

UUWmoimWT, •
TO RACEOOUMD

OUnmU 1PVOIMMMIMMT
VALUES IM SOIL

MUHREROP NUHIEROP ™\™n™™™
ANALYSES DETECTS '" """Ĵ  ̂ ^

4
4
4
4

13

10
4

10
4

10
7
4
4

9

4

4
4
3
1

10

4
10
4

10
7
1
4

3

10,000
22

300
2.0
0.1

1,200
74

52,000

2)
1,100
0.*4

2.3
1*0
740

NUMBER OP
ANALYSES

*
*
*

*
13

*

*
*
*

*
13

*
*

13

NUMBER OP
DETECTS

7

7

*
1

1

4

*

*
*
*

12
4
*

13

••oven, 19**.

Slaiimu* concentration derived from data on impoundment aamplea, teit pit •ample• to e depth no |re*tcr than two feet, and sludge composite iamplti
which contain aurfece ia*plei (Tahiti 3-*, 3-8, 3-10, and 3-12). f

cNone Available.
4M*t«r4<M*« Matte 1*** Treaiaent. 1MI, U.S. l»*l roi>Be*lal Protection aiency, SW-f.74.

O

OD



TABLE 8-8
METALS AMD IVOftCAMIC CONSTITUENT LEVELS

IV HOVITORIIIC WELL SOIL BOtlVCS ADJACEMT TO SLUDGE AftEAS*

C0001817

CONSTITUENTS

BACKGROUND LEVELb
DRY SOIL MEAN
AND (RANGE)

Cmg/kg)

CONCENTRATION
(fflg/kg)

Cyanide, Total

ChroauuB,
Heiavalent

Chroaium, Total

Iron

Manganese

c

•c

-3tOOO)

100-350,000)

D-4.000)

60

O.S

950

84,000

1.000

27

27

27

27

27

13

1

27

27

27

•Table 4-1.
bBow«n, 1966.
cNon« Available.



TABLE 8-9

AVERAGE DAILY DOSE OP METALS VIA IMCESTION
AND THE RESULTING HAZARD INDEX FOR CHILDREN AND ADULTS

ALSCO ANACONDA SITE
CNAMNUUTTEN, OHIO

CONSTITUENT

Cadmium

Chromium ( tota l )

Ch romi urn
(hexavalent)

Cyanide ( t o t a l )

Mercury

HIGHEST
CONCENTRATION

IN SLUDGE,
ADJACENT OR

UNDERLYING SOILS
(mg/kg)

t6.8

17,000

13 '

5̂,00* ' '-'

Ts,

AVERAGE
DAILY DOSE
CHILDREN
(mg/kg/day)

3
9
7

2
1

.88 x

.69 x

.41 x

.85 x

.03 x

ID'7

10-*
io-7

ID'*
1C'6

AVERAGE
DAILY DOSE
ADULTS

(mg/kg/day)

7
1
1

5
2

.89 x 10~7

.97 x 10°

.51 x IO"6

.80 x 10~*

.09 x 10"6

ORAL
REFERENCE DOSE

(Rfd)a
(ng/kg/day)

2.9 x 10"*

1.0 x 10°

5.0 x 10"3

2.0 x lO"2

3.0 x 1Q"*C

HAZARD
INDEX

CHILDRENb

1.34 x

9.69 x
1.48 x

1.4 x
3.43 x

io-3
10-*
10-*

ID'2

io-3

HAZARD
INDEX

ADULTSb

2.72 x

1.97 x

3.02 x

2.90 x
6.96 >

io-3
ID'3

10-*

ID'2

ID'3

aSPHEM ( 19B6b. f
Hazard Index " Average dai ly dose/Oral Reference Dose.
c Value for mercury ( a l k y l ) .

O
O
O
O\~±
00
t-*-
GO



TABLE 8-10
EXCESS CANCER RISK TO CHILDREN ANT) ADULTS

IHCESTINC A1SEHIC-CONTAIUINC SLUDGE
ALSCO ANACONDA SITE
CNADENHUTTEN, OB10

00001819

CONSTITUENT
CONCENTRATION
IN SLUDGE
(mg/kg)

AVERAGE
DAILY DOSE
(mg/kg/day>

CARCINOGENIC
POTENCY
FACTOR*

(mg/kg/day)~l

LIFETIME
CANCER
RISKb
(CR)

57 3.25 x 10-6 1.75 5.68 x 10-7

57 6.6 x 10"6 1.75 1.16 z 10-6

*SPHEM, 1986b.
lifetime Cancer Risk » (Average Daily Dose [mg/kg/day]) (Carcinogenic Potency
Factor [mg/kg/day] ). The carcinogenic potency factor for arsenic is 1.75
(mg/kg/day)"T according to the U.S. EPA Risk Assessment Forum (RAF), 1987. Risk
value lowered by one order of magnitude as recommended by RAF. See Section 8.8.6
for details.



TABLE 8-11
PCBs AVERAGE DAILY DOSE

AND RISK FACTORS VIA DIRECT CONTACT
POt A CHILD IB AREA 4

00001820

CONSTITUENT CONCENTRATION
(mg/kg)

AVERAGE
DAILY DOSE
(mg/k.g/day)

CARCINOGENIC
POTENCY

FACTOR (CPF)*
(mg/kg/day)"1

100 PERCENT ABSORPTION

LIFETIME
CANCER
RlSKb

AVERAGE EXPOSURE
Ingestion
PCBs 80.3'

Dermal
PCBs 80.8

4.61 x 10~6

2.21 x 10'

7.7

7.7

-53.55 x 10

1.70 x 10"4

UPPER-BOUND EXPOSURE
Ingestion
PCBs

Dermal
PCBs

3,000

3,000

1..71 x 10"

8.19 x 10~4

7.7

7.7

1.32 x 10-3

6.31 x 10-3

AVERAGE EXPOSURE
Ingestion

Dermal
PCBs 80.8

20 PERCENT ABSORPTION

4.40 x 10'6 7.7 3.39 x 10~5

UPPER-BOUND EXPOSURE
Ingestion

Dermal
PCBs 3,000 1.63 x 10~4 7.7 1.26 x 10"3

*U.S. Public Health Service, 1987, Draft Toxicological Profile for Selected
PCBs, Agency for Toxic Substances and Disease Registry. Published by Oak
Ridge National Laboratory.
lifetime Cancer Risk * (Average Daily Dose {mg/kg/day]) (Carcinogenic Potency
Factor [mg/kg/day]"1).

cThe average concentration was calculated without the assumed outlier of
3,000 mg/kg.



TABLE 8-12

PCBs AVERAGE DAILY DOSE
AMD RISK FACTORS VIA DIRECT CONTACT

FOR All ADULT II AREA 4

CQUO1821

CONSTITUENT CONCENTRATION
(mg/kg)

AVERAGE
DAILY DOSE

CARCINOGENIC
POTENCY

FACTOR (CPF)*
(rag/kg/day)'1

100 PERCENT ABSORPTION

LIFETIME
CANCER

RISK
(CR)

AVERAGE EXPOSURE
Ingestion
PCBs 80.8C

Dermal
PCBs 80.8

9.37 x 10-6

4.49 x 10-5

7.7

7.7

7.22 x 10

3.46 x 10

-5

-4

UPPER-BOUND EXPOSURE
Insertion
PCBs

Dermal
PCBs

3,000

3,000

3.48 x

1.67 x 10~3

7.7

7.7

2.68 x 10"3

1.28 x 10"2

AVERACE EXPOSURE

20 PERCENT ABSORPTION

Dermal
PCBs 80.8 8.97 x 10"6 7.7 6.91 x 10-5

UPPER-BOUND EXPOSURE

Dermal
PCBs 3,000 3.33 x 10"4 7.7 2.56 x 10"3

•U.S. Public Health Service, 1987, Draft Toxicological Profile for Selected
PCBs, Agency for Toxic Substances and Disease Registry. Published by Oak Ridge
National Laboratory.
lifetime Cancer Risk * (Average Daily Dose [mg/kg/day]) (Carcinogenic Potency
Factor [mg/kg/dayI"1).
°The average concencration was calculated without the assumed outlier of
3,000 mg/kg.



TABLE 8-13
PCBs AVERAGE DAILY DOSE

AMD RISK FACTORS VIA DIRECT CONTACT FOB A CBILD
IV AREAS If 2, 3t AMD 5

00001822

CONSTITUENT CONCENTRATION
(mg/kg)

AVERAGE CARCINOGENIC
POTENCY

100 PERCENT ABSORPTION

LIFETIME
CANCER
RISK6

AVERAGE EXPOSURE
Ingescion
PCBs 4.89

Dermal
PCBs 4.39

2.79 x 10"7

1.33 x 10"6

7.7

7.7

-62.15 x 10

1.03 x 10"5

UPPER-BOUND EXPOSURE
Ingestion
PCBs 110

Dermal
PCBs 110

6.27 x 10'

3,00 x 10~5

7.7

7.7

4.83 x 10"5

2.31 x 10-4

AVERAGE EXPOSURE

20 PERCENT ABSORPTION

Dermal
PCBs 4.89 2.67 x 10-7 7.7 2.05 x 10-6

UPPER-BOUND EXPOSURE

Dermal
PCBs 110 5.99 x 10~6 7.7 4.62 x 10-5

*U.S. Public Health Service, 1987, Draft Toxicological Profile for Selected .
PCBs, Agency for Toxic Substances and Disease Registry. Published by Oak
tidge National Laboratory.

^Lifetime Cancer Risk * (Average Daily Dose [mg/kg/day]) (Carcinogenic Potency
Factor [mg/kg/day]"1).



00001823
TABLE 8-14

PCBs AVERAGE DAILY DOSE
AMD RISK FACTORS VIA DIRECT CONTACT FOR All ADULT

III AREAS lv 2, 3, AVD 5

CONSTITUENT CONCENTRATION
(mg/kg)

CARCINOGENIC
POTENCY

/ /i. /j \ FACTOR (CPF)'<mg/kg/day) (Bg/k§/d ,-1

AVERAGE
DAILY DOSE

LIFETIME
CANCER
RISKb

100 PERCENT ABSORPTION

AVERAGE EXPOSURE
Ingestion
PCBs 4.89 5.67 x 10-7 7.7 4.37 x 10-6

Dermal
PCBs 4.89 2.72 x 10-6 7.7 2.09 x 10"3

UPPER-BOUND EXPOSURE
Ingescion
PCBs 110

Dermal
PCBs 110

1.28 x 10"5

6.12 x 10"5

7.7

7.7

9.83 x 10'

4.71 x 10-4

AVERAGE EXPOSURE

20 PERCENT ABSORPTION

Dermal
PCBs 4.89 5.43 x 10-7 7.7 4.18 x 10-6

UPPER-BOUND EXPOSURE

Dermal
PCBs 110 1.22 x 10-5 7.7 9.40 x 10-5

*U.S. Public Health Service* 1987, Draft Toxicological Profile for Selected
PCBs, Agency for Toxic Substances and Disease Registry. Published by Oak
Ridge National Laboratory.
^Lifetime Cancer Risk * (Average Daily Dose [mg/kg/day]) (Carcinogenic Potency
Factor [mg/kg/day]"1).



TABU 1-IS
O*CA«C coMTiTunm UIIMUN cojmtnATiM DCTICTH im

COWMITU. •MM' MILS. AM> IMDULT1W INMUMMVr M1LJ*

COM5TITUEHTS MAXIMUM CMCCmATUM
SUAMP SOILS

MM HUM COMCCKTIATIOM
<«€/*•>

HUMIEt OP
DETECTS

NUMBER OP
ANAL1SCS

UNDERLYING IMPOUNDMENT SOILS

NUHBCB or DETECTS MUHIEI OF ANAUSIS

VolatlU*

lyl«««t. Totcl

phttt«lit«

I • of ho r on*

M« pht hi I •••

N-H1 1 fa*o4 1 phcitf 1 M! n*

rh*mnthr«n«

Pyrcn*

110
41

o.ai
5.1
410

2.9
0.1

•DL

U

100

O.fcJ

•Dt

0.1B

1

1

1

1

4

5
1
0

1

1

1

0

1

10

10

10

10

10

20

10

20

10

10

10

10

10

•Dl>

BDL

•DL

*DL

•DL

0.75

•DL

0. SI

•DL

•DL

•DL

0, Jfl

0.64

0 I

0 1

0 1

0 1

0 1

1 1
0 1

1 1
0 1

0 1

0 1

1 1
1 1

0

0

0

0

0

0

0

0

0

0

0

0

0

10

10

10

10

10

10

10

10

10

10

10

10

10

J-1. 1-tl, ••* 1-11.
"lOL" tndlc«t*« «at 4«C«CI*4 «b«*« th« U.S. tnwtr**»«Bt«l Protection Agency (U.S. CPA) Contract L*bor*t«ry Pro(r*» (CLP) IUi«r4auB Sub«t**c* Ll«t (USD
ca*tr«ct t*^ulr«4 4*t*ctl«« Halts.

o
o
o

00



TABLE s-u
OHCAJHC comriTunr AVUACB: DAILY DOW

GOHTACT AHD HAZABD IHDU KM HDHCABC1 FOt CHILD*

COHSTITUEHT
MAI1NUN COHCtHTmATlOH

IN ILUDCI OB SOIL
DBBMAL CONTACT

AVBBACB DAILY DOSE
IHCESTIOH

AVEBACE DAILY D08B

Volatile*

Ethylbem**iM
2-Heianone (butyl Mtbyl ketone)
T«trachloroethyl*na
Tolu*ne
Iyl«ne«, Total

B»tract«bl«»

Bi •( 2-«l hylbeayDphtnaUte
Di-H-ButylpbthaUt«
Pluoranthan*
I lophorono

lie
4)

0.31
i .J
410

2.9
0.*

0.51
16

20O
0.47
O.M
o.u

3.0
1.17
7.44
1.4)
1.12

7.91
2.IB
1.39
4.3*

1.B3
1.04
1.10

10
10"
10*
10-4

10"'

10*
10'
10'

6.27
2.4)
1.40
3.02
2.34

1.4)
4.)*
2.91
9.12
1.14
1.B2
2.17
3.7*

10"̂
10**
10 -'
10"'
IO'S

10-'
10~
10"
10"
10"
10"
10"
io"

BEPE
DO

(.«/k

1.0
5.0 •
2.0
3.0
1.0

2.0
2.0
4.0
2.0

*•%
4.0
4.0

SP"
i/-r)

. 10-'
10-Jc

B 10'*• io:i
• 10 *

-1
10-"
"-I10 !10- u
10" *
10" *

HAZABD
I HOD
DEBNAL

3.00 10
2.34 10
3.B2 10
4.B2 10
1.12 10

3.9) 10
1.09 10
3.4B 10
2. IB 10
1.3* 10

2.)9 10
4.50 10

HAZABD
IHDEX

IHCESTIOH

4.27
4.9

7.90
1.01 10'
2.34 10'

0.24
2.2B
7.27
4.)*
2-1)

HAZABD
IHDQ
TOTAL

10

9.4* 10'

3.43
2.B3
4.42
).B3
1.3)

4.71
1.32
4.2
2.6
1.4)

1.14
5.44

10"
10"
10"
10'
10"

• »0"*
10~*
10"'
10"*
10-*

IO'7

10"'

bifHO*. 19Mb.
ct*(«r«nc« 4o»»» or Acc«yC«bl« Intok* for Chronic Eipo»ur« (AIC), for Methyl ethyl kvtonc u*«4.

'••f«r«nc« 4oM for Bi« (2-«thyl h«myl) phthaUt* u*««.
'••••4 on th« Mv«rtfl*4 refer me* 4o» for ltobfcth«lra«. Integrated Eiik Information ty*taa ( IBIS) Office of Health
••4 Environa**tal AaeveMMt, U.I. EnvironMiitai Protection Agency, IM4.

ECac-cino|enic effacte only.
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TABLE 8-17

RISK CHARACTERIZATION OP ORGANIC POTENTIAL
CARCINOGENS FOR A CHILD VIA INCEST I ON AND DERMAL CONTACT

C0001826

Bis (2-*thyl hexyl)
phthalate

N-Nitrosodiphenyl-
amine

Tetrachloroethylene

Isophorone

INGESTION
AVERAGE

DAILY DOSE
{mg/kg/day)

DERMAL
AVERAGE

DAILY DOSE
(mg/kg/day)

CARCINOGENIC
POTENCY FACTOR

(CPF)«
(mg/kg/dayT1

1.65 X 10"7 7.91 X 10"7 8.4 x 10"3c

TOTAL
LIFETIME

CANCER RISK1

8.02 10~9

3.82 x 10"8 1.83 x 10"7 4.92 x 10"3d 1.09 x 10"9

1.60 x 10"8 7.64 x 10~8 5.10 x 10"2* 4.71 x 10~9

9.12 x 10"7 4.36 x 10~6 -e -e

aSPHEM, 1986.
"Lifetime Cancer Risk = (Average Daily Dose [mg/kg/day]) (Carcinogenic Potency
Factor (CPF) [mg/kg/day]"1).

cToxicological Profile for Di(2-ethyl hexyl) phthalate, December 1987.
**U.S. EPA Health Assessment Document for Epichlorohydrin, 1983,
U.S. EPA 600/8-83-032A.

*The carcinogenic potency factor for isophorone has not yet been established.
(U.S. EPA, 1986, Integrated Risk Information System [IRIS] accessed
December 27, 1988, Carcinogenic Potency Factor, for Oral Exposure for
Isophorone, on-line, verification date June 30, 1968, Office of Health and
Environmental Assessment, Environmental Criteria and Assessment Office,
Cincinnati, Ohio.
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cortACT um HAZAOD mon rat HOMCAICI m ADULT*

COmiTUIVT

NAXINUH
OOMCB1IATIOH

IN SLUMi M MIL
DOMAL OOMTACT

AVUAGI DAILY DOCK
IHGCtTIOM

AVBKACB DAILY DOIB
•ETaqicR

DOCK* IHDBI
DBKNAL

HAZAOD
IHDn

IMCISTIOM

Volatile*

Ethylbensene
2-HeiaMne
Tetracnloroethylene
Toluene

e, Total

AcK/Oeee-Beutral Intractable*

»i a(2-et
Di-*- butyl phtftalata
Fluoro*tfcen«
liophoroe*
naphthalene

FttenanthroM
Pyrene

110
43

0.21
i.i
410

0.0
e.ii
u

200
0.*7
o.u
O.M

2.39
l.il
2.94
2.20

1.41
4.44

.03
.00
.11
.72
.11

10'
10*
10'
10*
10*

1.44

1.20
4.99
3.2*

4! 74 10

10

3.3*
9.20
J.92
1.04
2.12
7.77
4.41
7.4*

10"'
10"
10"
10"
10"
10"
10"
10"

1.0
J.O i
2.0
1.0
1.0

2.0
2.0
4.0
2.0
4.0

4.0
4.0

• 10"1

|0-»e
• 10'2
i 10" '
. 10'J

10"j
lo-"
\V"/•-••
I0-l
10" l

4.11
4.77
7.71
9.01
2.20

0.0)
2.22
7.00
4.44
2.77

).27
9.14

10"* 1.20
10"* 9.90
10"* 1.42
10'* 2.05
10"2 4.7*

10" * 1.40
10"* 4.44
10"' 1.40
10"* 9.20

, I0" *'•

10"' 1.10
10"1 1.91

103*

"It
IO'1

io-5

10-*
10"'
10'*

fM-»

10-'
10-'

for Chronic bpoiur* (AIC), (or ••thjrl «ckyl k«ton«

*T«bl«. 3-9, J-ll, «nd 1-U.
bSPHra. 19Mb.
cK«f«rMic« Joi«, or
dl«f«r«nc* doio for
*B*Bc4 on tho unvorifi*^ roforoaco 4o»« for IUptath«l«n«. Integrated liik Informatioa Oyitea (HIS) Office of Health

and environmental AcieaaeMAt, U.I. Bnvirpnewntal Protection Agency, 190».

'carcinogenic e f fect* only.

o
oo
o
I-*
00



TABLE 8-19

RISK CHARACTERIZATION OP ORGANIC POTENTIAL CARCINOGENS
VIA INGEST I ON AND DERMAL CONTACT FOR AH ADULT

00001828

CONSTITUENT

INCESTION
AVERAGE

DAILY DOSE
(mg/kg/day)

DERMAL CONTACT
AVERAGE

DAILY DOSE
(mg/kg/day)

CARCINOGENIC
POTENCY
FACTOR*

(mg/kg/day)"1

LIFETIME
CANCER
RISKb
(CR)

Bii(2-ethyL hexyl)
phthalate

N-Nitrosodiphenyl-
amine

Tetrachloroethylene

3.36 x 10~7 1.61 x 10"6 8.40 x 10"3c 1,63 x 10~8

7.77 x 10"8 3.72 x 10"7 4.92 x 10~3d 2.21 x 10"9

3.25 x 10"8 1.55 x 10"7 5.10 x 10"2 9.61 x 10~9

Isophorone 1.86 x 10"6 8.88 x 10"6 _e _e

•SPHEM, 1986.

^Lifetime Cancer Risk (CR) » (Estimated Daily Intake [mg/kg/day])
(Carcinogenic Potency Factor [mg/Vtg/day] ).

cToxicological Profile for Di(2-ethyl hexyl) phthaUte, December 1987.
dU.S. EPA Health Assessment Document for Epichlorohydrin, 1983,
U.S. EPA 600/8/83-032A.

eThe carcinogenic potency factor for isophorone has not yet been established.
(U.S. EPA, 1986, Integrated Risk Information System [IRIS] accessed
December 27, 1988, Carcinogenic Potency Factor [CPF], for Oral Exposure for
Isophorone, on-line, verification date June 30, 1988, Office of Health and
Environmental Assessment, Environmental Criteria and Assessment Office,
Cincinnati, Ohio.
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APPENDIX A

LIST OF TABLES

TABLE NO. TITLE

A-l Summary of Volatile Hazardous Substance List Compound Results,
April 1985 Impoundment, Sludge Pit, and Swamp Composites, ARCO
Chemical Company, Gnadanhutten, Ohio

A-2 Summary of Acid and Base-Neutral Extraccable Hazardous
Substance List Compound Results, April 1985 Impoundment,
Sludge Pit, and Swamp Composites, ARCO Chemical Company,
Gnadenhutten, Ohio

A-3 Summary of Pesticide Hazardous Substance List Compound
Results, April 1985 Impoundment, Sludge Pit, and Swamp
Composites, ARCO Chemical Company, Cnadenhutten, Ohio

A-4 Summary of November 1986 Volatile Hazardous Substance List
Compound Results, Northern and Southern Impoundment Areas,
ARCO Chemical Company, Gnadenhutten, Ohio

A-5 Summary of November 1986 Acid and Base-Neutral Eztractable
Hazardous Substance List Compound Results, Northern and
Southern Impoundment Areas, ARCO Chemical Company,
Gnadenhutten, Ohio

A-6 Summary of November 1986 Pesticide Hazardous Substance List
Compound Results, Northern and Southern Impoundment Areas,
ARCO Chemical Company, Gnadenhutten, Ohio

A-7 Summary of January 1987 Vertical Sludge Composite Volatile
Hazardous Substance List (HSL) Compound Results, Northern and
Southern Impoundment Areas, ARCO Chemical Company,
Gnadenhutten, Ohio

A-8 Summary of January 1987 Vertical Sludge Composite Volatile
Hazardous Substance List (HSL) Compound Results, Sludge Pit
Area, ARCO Chemical Company, Cnadenhutten, Ohio

A-9 Summary of January 1987 Southern Impoundment Soil Volatile
Hazardous Substance List (HSL) Compound Results, ARCO Chemical
Company, Gnadenhutten, Ohio

A-10 Summary of January 1987 Vertical Sludge Composite Acid and
Base-Neutral Eztractable Hazardous Substance List (HSL)
Compound Results, Northern and Southern Impoundment Areas,
ARCO Chemical Company, Gnadenhutten, Ohio

A-ll Summary of January 1987 Vertical Sludge Composite Acid and
Base-Neutral Eztractabie Hazardous Substance List (HSL)
Compound Results, Sludge Pit Area, ARCO Chemical Company,
Gnadenhutten, Ohio

A-12 Summary of January 1987 Southern Impoundment Soil Acid and
Base-Neutral Eztractable Hazardous Substance List (HSL)
Compound Results, ARCO Chemical Company, Cnadenhutten, Ohio
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IOOU
IOU
IOU
IOU
IOU
IOU
IOU
IOU
IOU

IOOU
IOOU
IOOU
IOOU
IOOU
IOU
tou
IOU
IOU
IOU
IOU
IOU
IOU
IOU

IOOU
IOOU
IOU

SWWIP
SOIL COMPOSITE

IOOU
IOOU
IOOU
IOU
IOU
1000
IOOU
IOU
IOU
IOU
IOU

IOOU
IOU
IOU
IOU
IOU
IOU
IOU
IOU
IOU

toou
IOOU
IOOU
IOOU
IOOU
100
IOU
IOU
IOU
IOU
IOU
IOU
IOU
IOU

IOOU
IOOU
IOU

U>SMp!*t M*tt coU«c(M (row A»ril 1, I Hi to A*nl I, IN).
(6)Th« n^mttrt pr*P«nt*4 IB chu coltan «• lh« ChMiciL A*»tr«Ctt S«TVIC« (CAS) ni«b«

(c)"u|/h|" * •it,ra|fM« p«T k i l» i rM or p*rtp p*r i iUioo (••*>.
t d ) " U " • tnd^Md for ftuc oat d*L*ct«d. Th« cgrr«t«ond 109 ai«k«r r•pitMAC*
(•IToul lylia* iactu«** th« orttia-, *•£•-. «od f*T»-*jl»a» iiammtt.

••tbod d*t«etio« limit far th« ««•»!*.
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TAALg A -4

SUMUKT OF BDflHUI I9M VOLAT1LR BVtZABOQUS SUBSTaJCB LIST
COHPOOHO tISULTS

41V SOUTHMH IMPOtMDMtm UlAS(a)
ARCO aUDBMurnH PLANT

OUDIIHlfTTgM. fMlO

PARAMETERS

Chloroaethane

V i n y l ch lor ide
Chloroeihwie
Hethylene chloride
Ateton*
Carbon di»ul fide
1 , 1 -Die hloroet hen*
I , l-Dichloroethant
trana-l ,2-Dichloro«thene
Chlorofona
1 ,2-Dichloro*than«
2-8utanonc
1,1,1 -Tr ichloroe thane
Carbon tctrathlorid*
Vinyl acetate
Broaodichlotonethane
1 ,2-Dichloropropana
t cana-1 ,3-Dichloropropene
Tr tchloroethene
Dibroaochlotoaiethant
1 . 1 ,2-Tr ichloroacthanc
8«nt*ne
cia-1 ,3-Dichloropropene
2 -Oi I oroatliy I vlnylclhvr
Brow for*
4-M«tM]rl-2-paittanone
2 -H«xanon«
T*trachloro*th«n«
1 ,1 ,2,2-Tatrachloroethane
To t U*M
Ch I o rob en ten*
Ethyl bcniene
St yrene
Total Xylene(g)

Sec footnote! at end of table ,

CAS REGISTRY
NUMBER! b)

74-87-3
74-83-9
75-01-4
75-00-1
75-O9-2
67-64-1
75-15-0
75-15-4
75-34-3
156-60-5
67-66-3
107-06-2
78-93-3
71-55-6
56-21-5
108-05-4
75-27-4
78-87-5
10061-02-6
79-01-6
124-4 8-i
79-00-5
71-43-2
10061-01-05
1 10-75-8
15-25-2
591-78-6
108-10-1
127-18-4
79-34-5
108-88-1
108-90-7
100 -41-4
100-42-5
1330-20-7

CONCENTRATION
UNlTS(c)

ug/kg
ug/kg
ug/kg
"g/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/ ke
ug/ kg
ug/ kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

SLUDGE COMPOSITE S-l SOIL
(9.4-10.0')

SAMPLE IDENTIFICATION
NORTHERN IMPOUNDMENT AREA

S-l SOIL S -1SOIL
(10.0-10.6') ( 1 . 8 - 5 . 5 * )

S-l SOIL
( 5 . 5 - 6 . 5 ' )

450U(d)
4 SOU
450U
450U

630BU)
350JB(f)

22 iU
2250
22MI
225U
3108
22 5U

210 JB
2250
22 5U
450U
2251)
225U
225U
225U
2250
225U
225U
225U
4500
22 511
450U
54J
225U
225U
32JI
2250
29JB
22 5U
62JB

10OU
IOOU
10OU
IOOU
75B

1108
50U
50U
500
50U
75 B

8.4J
37J8
50U
50U

IOOU
50U
50U
50U
50U
50U
50U
500
50U
IOOU
SOU
IOOU
11J
50U
5011

9.2JB
50U
MIft
50U
3IJB

IOOU
IOOU
IOOU
IOOU
210B
1008
50U
50U
5OU
50U
628
20J
23JB
50U
50U

IOOU
5UU
50U
50U
50U
500
50U
i.4J
50U
IOOU
50U
IOOU
IOOU
5UU
50U
IOJB
5(IU
1MB

4.5JB
I8JB

IIOU
II (XI
IIOU
IIOU
1908
75JB
55U
55U
55U
55U
998
30J

32 JB
55U
55U
IIOU
55U
55U
55U
55U
55U
55U
55U
55U
IIOU
55U
IIOU
IIOU
5^U
55U

8.5JB
55U

8.8JB
5.8JB
12JB

IIOU
IIOU
IIOU
IIOU
290B
94JB
55U
55U
55U
55U
79B
40J
39 JB
55U
55U

IIOU
55U
55U
55U
55U
55U
55U
7.1J
55U
IIOU
S5U
IIOU
IIOU
55U
55U

8.6JB
55U

6.5JB
55U
2IJB

o

OD
CJ1
to



TABU *-*
(Continued)

CAS REGISTRY CONCENTRATION
PARAMETERS NUHBER(b> UHITS( t >

Chloroavthene 74*87-3 ug/kg
Bro«oMe thane 74-81-9 ug/kg
Vinyl Chloride 75-01-4 "i/**
Chloroethen* 75-00-3 "I/kg
Hethylen* Chloride 75-09-2 ug/kg
be ton* 67-64-1 ug/kg
Carbon Dieulfid* 75-15-0 ug/kg
1,1-Dichloroethene 75-35-4 ug/kg
1.1-Dichloroethene 75-14-3 ug/kg
t rent-1,2-Die hloroethene 156-60-5 ug/kg
Chloroform 67-66-1 ug/kg
1.2-DichloroethMC 107-06-2 ug/kg
2-Butenoee 78-91-1 ug/kg
I.l.l-Trichloroethane 71-55-6 ug/kg
Carbon Tetrecnlorid* 56-23-5 ug/kg
Vinyl Acetate 108-05-4 ug/kg
•roeradicMoraeMethme 75-27-4 ug/kg
1.2-Oichloropropeo* 78-87-5 ug/kg
trane-l.l-OicMoropropene 10061-O2-6 ug/kg
Trichloroethcne 79-01-6 ug/kg
DibroMchloroMClhene 124-48-1 ug/kg
1,1.2-Trichlorowethene 79-00-S ug/kg
•en ten* 71-41-2 ug/kg
cie-1.3-Dichloropropene 10061-01-05 ug/kg
2-Chloro*thylvinyl«lh«r 110-75-8 ug/kg
gro-Mfom 75-25-2 ug/kg
4-Nethyl-2-r*nianooe 591-76-6 ug/kg
2-Hexftnon* 108-10-1 ug/kg
T«tr*cbloroethcn* 127-18-4 ug/kg
l,l.2.2-T*LractiloroethM* 79-14-5 ug/kg
Tolucn* 108-88-1 ug/kg
Ch Io roben «*n< 108-90 - 7 ug/kg
Blhylbcntcn* 100-41-4 ug/kg
ltyr«<>« 100-42-5 ug/kg
Tvtcl Iylm*(g) 1330-20-7 ug/kg

SLUOCe COMPOSITE

1BOU
380U
380U
380U
7808

SAMPLE 10CMT1P1CAT10H
SOUTHERN iNPouMmeirr AREA

S-4 SOIL S-5 SOIL 5-6 SOIt
<6.0-8.0') (9 .5- lT) (10 .1 -11 .4 ' )

I90U
I90U
I90U
I90U
2908
I90U

I40JB
190U
190U
380U
I90U
190U

.1901)
I90U
I90U
I90U
I90U
I90U
380U
I90U
3BOU
3 SOU
I90U
1900
41JB
I90U
I70J8
I90U
8 BOB

100U
IOOU
100U
IOOU
25<)B
77JB
5OU
500
50U
50U
72B
18J

45JB
50U
5OU

IOOU
50U
SOU
50U
SOU
5OU
50U

6.6J
50U
IOOU
50U
IOOU
IOOU
5OU
50U

8.UB
SOU
I5JB
50U
62 B

IOOU
IOOU
IOOU
IOOU
25JB
200B
50U
50U
50U
50U
35JB
6.9J
11J8
50U
SOU

IOOU
SOU
SOU
sou
sou
sou
SOU
sou
sou
IOOU
SOU
IOOU
IOOU
sou
sou
SOU
sou
S.4J
sou
m

IOOU
IOOU
IOOU
IOOU
2MB
I20B
SOU
sou
5011
sou
34Jfl
I9J

16JB
SOU
SOU

IOOU
SOU
SOU
SOU
sou
SOU
sou
sou
sou
IOOU
sou
IOOU
IOOU
7.0J
SOU
sou
sou

7. IJB
sou
IBJ

lit wcr* collected froei November 17, 1986 to November 25. 1986.

nu~ib«re presented in thit coluin ere th« Chneicel Ab«lr*ci* Service (CAS) Regialry Nutibere useJ fur ceteloging
the iediceted cotipounde tn the Chveiicel Abetrett* Index.

(c)*1 ug/kg" equel e •icrogrMi per kilograe or peris per fail I ion (ppb) .

(d)"U" indie etc* thet the compound wee enelyxed, bul not detected. The corresponding nu*ber repreeente the Method
detection li»it for the ve-iple.

<e)"B" indicele* thet the corresponding compound wee found in the blenk e« wll ee the eeaple.

( f )"J" inditetei thel the correspond ing covpound i* prevent , but the calculated cone eniret ion it leaf then the epecif ied
delcc lion I iait.

(g)Tolel iylen« includes the ortho-, Beta - , and par»-«ylent ieowvre.
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TABLE A-6

SUMMARY OP NOVEMBER 1986 PESTICIDE HAZARDOUS SUBSTANCE LIST
COMPOUND RESULTS

MORTUBKM AND SOUTHERN IMPOUNDMENT ARKAS(a)
AROO CHADBNUUTTEN PLANT

CNADEHHUTTEM, OHIO

PARAMETERS

alpha-BHC
beta-BHC
delta-BHC
ganma-BHC(Lindane)
Heptachlor
Aldrin
Heptachlor epoxide
Endosulfan I
Dieldrin
4,4'-DDE
Endrin
EndoBulfan II
4,4'-ODD
Endoiulfan tulfate
4,4'-DDT
Hethoxychlor
Endrin ketone
Chlordane
Toxaphene
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

Sec footnote! at end of table

CAS REGISTRY
NUMBER(b)

319-84-6
319-85-7
319-86-8
58-89-9
76-44-8
309-00-2
1024-57-3
959-98-8
60-57-1
72-55-9
72-20-8
33213-65-9
72-54-8
1031-07-8
50-29-3
72-43-5
53494-70-5
57-74-9
8001-35-2
12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5

CONCENTRATION
UNITS(c)

ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

S-l SOIL
(9.4-10.0')

B.OU(d)
B.OU
8.0U
8.0U
B.OU
B.OU
8.0U
a.ou
16U
16U
16U
16U
16U
16U
16U
80U
16U
SOU
160U
SOU
SOU
80 U
SOU
SOU
160U
160U

SAMPLE IDENTIPICATION
NORTHERN IMPOUNDMENT AREA

S-l SOIL S-3 SOIL
(10.0-10.6') (3.8-5.51)

8.0U
B.OU
B.OU
8.0U
B.OU
B.OU
B.OU
a.ou
16U
16U
16U
16U
16U
16U
16U
SOU
16U
SOU
160U
SOU
80 U
80U
BOU
SOU
160U
160U

8.0U
8.0U
a.ou
8.0U
a.ou
8.0U
a.ou
B.OU
16U
16U
16U
16U
16U
16U
16U
aou
16U
BOU
160U
BOU
BOU
BOU
BOU
BOU
160U
160U

S-3 SOIL
(5.5-6.51)

8.0U
S.OU
B.OU
a.ou
a.ou
a.ou
a.ou
a.ou
16U
IbU
16U
16U
16U
16U
aou
16U
aou
160U
aou
aou
aou
sou
aou
uou
o

GO
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TABLE A -
(Continued)

PARAMETERS

alpha-BHC
beta-BHC
delta-BHC
ganma-BHC(Li ndane)
Hepcachlor
A l d r i n
Heptachlor epoiide
Endosulfan I
Dieldrin
4, A'-DDE
Endrin
Endosulfan II
4f4'-DDD
Endosulfan sulfate
4,4'-DDT
Methoxychlor
Endrin kelone
Chlordane
Toxaphene
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

CAS REGISTRY
NUMBER*b)

319-84-6
319-85-7
319-86-8
58-89-9
76-44-8
309-00-2
1024-57-3
959-98-8
60-57-1
72-55-9
72-20-8
33213-65-9
72-54-8
1031-07-8
50-29-3
72-43-5
53494-70-5
57-74-9
8001-35-2
12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5

CONCENTRATION
UNITS(c)

ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

SAHPLE IDENTIFICATION
SOUTHERN IMPOUNDMENT AREA

S-4 SOIL S-5 SOIL S-6 SOIL
(6.0-8.0') (9.5-11.0') (10.1-11.4')

8.0U
a.ou
8.0U
8.0U
8.0U
8.0U
8.0U
a.ou
16U
16U
16U
16U
16U
16U
16U
80U
16U
SOU
160U
80 U
80U
SOU
80U
SOU
160U
160U

8.0U
6.0U
8.0U
8.0U
8.0U
8.0U
8.0U
8.0U
16U
16U
16U
16U
16U
16U
16U
SOU
16U
aou
160U
80 U
sou
sou
sou
sou
160U
160U

a.ou
8.0U
a.ou
a.ou
a.ou
a.ou
a.ou
8.0U
16U
16U
16U
16U
16U
16U
16U
aou
16U
aou
160U
sou
sou
sou
sou
sou
160U
160U

(a)Samples were collected fro* November 17, 1986 Co November 25, 1986.
(b)The number! presented in this column are the Chemical Abstracts Service Register Numbers used for cataloging

the indicated compounds in the Chemical Abstracts Index.
(c)"ug/kgM equals micrograms per kilogram or parts per billion (ppb).

(d)"U" indicates that the compound was analyzed, but not detected. The corresponding number represents the
method detection limit for the sample.
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00001860
TABLE A-9

SIMMA1Y Or JARDA1T 1987 SOCTffilH MPOCMDHBJCT SOIL VOLATILE
HAZARDOUS SUBSTANCE LIST (B5L) COMPOUND RlSULTS(a)

AJCO CHEMICAL COKPAWT
OAK {BUTTER, OB 10

SAMPLE IXNTIF1CATION

CAS
PARAMETERS REGISTRY

N U M B E R ( b )

Chloromethane 74-87-3
Bromome t hanc 74 -83 -9
V i n y l chloride 75-01-4
Chloroethane 75-00-3
Hethylene ch lo r ide 75-09-2
Acttont 67-64-1
Carbon d i s u l f i d e 75-15-0
1,1-Dichloroethene 75-35-4
1,1-Dichloroe thane 75-34-3
trane-1 ,2-Dichloroethene 156-60-5
Chloroform 67-66-3
1 ,2-Dichloroethane 107-06-2
2-Sutanone 78-93-3
1,1,1-Trichloroethane 71-55-6
Carbon te t rachlor ide 56-23-5
V i n y l acetate 108-05-4
Br omodic hi orome thane 75-27-4
1.2-Oichioropropane 78-87-5
trant-1 ,3-Dichioroprop«n« 10061 -02-6
Trichloroethene 79-01-6
Dibromothlororaethane 124-48-1
l , l , 2 -T r i ch lo roe than« 79-00-5
Benzene 71-43-2
ci»- l ,3-Dichloroporpene 10061-01-05
2-Ch lo roe thy lv iny le the r 110-75-8
Broraofora 75-25-2
4-HethyL-2- j>«n tanone 591-78-6
2-Hexanont 108-10-1
Tet rachloro«thene 127-18-4
1,1 ,2 ,2-Tecrachloroe than* 79-34-5
T o l u e n e 108-88-3
Chlorobenzene 108-90-7
Ethylbenzene 100-41-4
Styrene 100-42-5
Total xylene(g) 1330-02-7

CONCENTRATION
UNITS(c)

ug/kg
ug/ kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

ug/kg
ug/kg
ug/kg
ug/ kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/k«
ug/kg
ug/kg

S-4 SOIL
(8 .0 -9 .0 f t )

1 2 0 U ( d )
1 2 OU
120U
120U

110B(«)
1,5008

60U
600
SOU
60U
808
60U

61JBC f)
60U
60U
1200
60U
60U
60U
60U
60U
60U
60U
60U
120U
60U

120U
120U
60U
60U
14JB
60U
47J
60U
60B

S-5 SOIL
(8.5-9.0 f t )

100U
1 OOU
100U
IOOU
1205
6508
SOU
50U
50U
SOU
888
50U

54JB
SOU
SOU

IOOU
SOU
SOU
SOU
SOU
SOU
SOU
SOU
SOU
IOOU
SOU
IOOU
IOOU
SOU
SOU
SOU
SOU
SOU
SOU
SOU

S-6 SOIL
(9.5-10.1 f t )

130U
1 30U
130U
130U
160B
3708
63U
63U
63U
63U
100B
63U
58JB
63U
63 U

130U
63U
63U
63U
63U
63U
63U
63U
63U
130U
63U
130U
130U
63U
63U
13JB
63U
63U
63U
22JB

(a)Saapl«i were collected on January 26, 1987 and January 28, 1987.

(b)Th« nunbcrs presented in this coluan are the Chenical Abstracts Service Registry Numbers
used for cataloging the indicated con pounds in the Chmical Abstracts Index.

(c)**ug/kg" equals «icrograrai per kilogram or perts per b i l l i o n ( p p b ) .
Cd)**U" indicates that the c01 pound was analyzed but not detected. The corresponding number

represents the method detect ion liait for the sample.
(e)"B" indicates that the corresponding compound was found in the b lank as well ee the semplc.

Cf)"J" indicates that the corresponding compound is present, but the calculated concentration is
less than the specif ied de tec t ion l imi t .

( g ) T o t a l xy lene inc ludes the ortho-, neta-, and para -xy len« isomers.
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TABLE A-1 3

SUHHAIT OV JANUARY 1917 VERTICAL 8UIDGB COMPOSITE PESTICIDE
HAZARDOUS SUVSTAHCK LIST (BSD CONFOUND RESULTS

NORTHER! AND SOUTKRN IMPOUNDMENT AJLEAS(a)
AtCO CKM1CAL COMPART

CNADXNUirrrEH. OHIO

SAMPLE IDENTIFICATION

NORTHERN IMPOUNDMENT AREA SOUTHERN IMPOUNDMENT AREA
CAS

REGISTRY CONCENTRATION S-l VERTICAL
NUHBER(b)

319-84-6
319-85-7
31 9-86 HI
58-89-9
76-44-8

309-00-2
1024-57-3
959-98-8
60-57-1
72-55-9
72-20-8

33213-65-9
72-54HI

1031-07-8
50-29-3
72-43-5

53494-70-5
57-74-9

8001-35-2
12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6
1 1097-69-1
11096-82-5

ed fro* January

UNITSU)

ug/kg
ug/kg
tig/kg
"ft/ kg
»K/ kg
»•«/«»
"*/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
«g/*g
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

26. 1987

COMPOSITE

51U(d)
5IU
51U
51U
5IU
51U
51U
51U
100U
IOOU
100U
1000
IOOU
IOOU
IOOU
510U
IOOU
MOD

l.OOOU
5IOU
5IOU
510U
510U
510U

l.OOOU
l.OOOU

through January 28,

S-2 VERTICAL
COMPOS ITE

43U
43U
43U
43U
43U
43U
43U
43U
87U
S7U
87U
87U
87U
8/U
87U

430U
8/U

430U
B70U
430U
430U
430U
430U
430U
B70U
870U

1987.

S-3 VERTICAL
COMPOS ITE

39U
39U
39U
39U
39U
39U
39U
39U
77U
77U
77U
77U
77U
77U
77U

390U
77U

3 900
770U
390U
390U
390U
390U
3900
770U
770U

S-4 VERTICAL
COMPOSITE

49U
49U
49U
49U
49U
49U
49U
49U

, 99U
98U
98U
9BU
9BU
98U
98U

490U
98U

490U
98 OU
490U
490U
490U
490U
490U
980U
980U

S-5 VERTICAL
COMPOSITE

43U
43U
4JU
43U
43U
43U
43U
43U
85U
85U
85 U
85U
85 U
85U
85U

430U
85 U

430U
850U
430U
430U
430U
430U
430U
850U
85 OU

S-6 VERTICAL
COMPOSITE

37U
37U
37U
3 Ml
37U
37U
37U
37U
73U
71U
73U
73U
7*U
7 3D
73U

3/OU
73U

3;ou
710U
3;ou
370U
370U
370U
370U
7)OU
nou

O
o

PARAMETERS

beta-BHC
del ta -BHC
gMa-BHC (Lindane)
He pi ac hi or
A l d r i n
Heptachlor epoxide
Endoiulfan I
Dieldrin
(» .4 ' -DDE
E n d r i n
Cndoiulfan 11
4.4'-DDD
Endoiulfan «ul (ate
4,4'-DDT
Methoxychlor
Endrin ketone
Chlordane
Toxaphene
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

(b)The nuabvri presented in thia column are the Chemical Abatracta Service Regiatry Nuatbera uaed for cataloging the indicated coapound»
Chemical Abatrac ta Index.

t" equal* microgran* per k i logram or par La per b i l l i o n C ppb) .

(d)"U" ind icate ! that the compound was analyzed but not de tec ted . The corresponding number represent* the method detec t ion l i m i t for the
aaaple . . .

00
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00001866
TABLE A-15

SUMMARY Of JAMUA1Y 1987 SOUTHER* IMPOUVDKElrT SOIL VOLATILE
HAZARDOUS SUBSTANCE LIST (BSL) COMPOUND l£SULTS(a)

A1CO CHEMICAL COMPANY
CMADENHUTTEN, oaio

SAMPLE IDENTIFICATION

PARAMETERS

alpha-BHC
bata-BHC
d«lta-BHC
gaona-BHC (Lindana)
Htptachlor
Aldrin
Htptachlor apoxida
Endotulfan I
Dialdrin
4,4'-DDE
Endrin
Endoiulfan II
4,4'-ODD
Endofulfan lulfata
4,4'-DOT
Nathosychlor
Endrin katona
Chlordana
Toxaphana
Arocior 1016
Aroclor 1221
Arocior 1232
Aroclor 1242
Arocior 1248
Aroclor 1254
Aroclor 1260

CAS
REGISTRY
HUNBER(b)

319-84-6
319-85-7
319-86-8
58-89-9
76-44-8
309-00-2
1024-57-3
959-98-8
60-57-1
72*55-9
72*20-8

33213-65-9
72-54-8
1031-07-8
50-29-3
72-43-5

53494-70-5
57-74-9
8001-35-2
12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5

CONCENTRATIOII
UNITS(c)

ug/kg
««/kg

us/kg
UK/kg
ug/k,
Uf/k|
a,/k,

uj/k,
ug/k(
ug/kg
ag/kg
ug/kg

ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg
ug/kg

S-4 SOIL
(8.0-9.0 ft)

12UU)
12U
12U
12U
12U
12U
12U
12U
24U
24U
24U
24U
24U
24U
24U
120U
24U
120U
240U
120U
120U
120U
120U
120U
240U
240U

S-5 SOIL
(8.5-9.0 ft)

10U
10U
10U
10U
10U
10U
10U
10U
20U
20U
20U
20U
20U
20U
20U
100U
20U
100U
200U
100U
100U
100U
100U
100U
200U
200U

S-6 SOIL
(9.5-10.1 Ct)

11U
11U
11U
11U
11U
11U
uu
11U
22U
22U
22U
22U
22U
22U
22U
110U
22U
110U
220U
HOU
110U
110U
110U
110U
220U
220U

(»)S*mpl«i mr« colltcttd on January 26, 1987 and January 26, 1987.
(b)Th« numbtrt pritcncad in Chii coluon art th« Chcaical Abscraccs Scrvica Rtgistry Nufflbart

ucad for cacaloging the indicated coapound* in cha Cbaaieal Ab>Cract« Indai.
(c)"ug/kgM aquali •icrograa* par ktilograa or parts par billion (ppb).
(d)"U" indicacca that tha compound was analyzad but not dttactad. Tha corrtsponding nuab«r

raprcsanti the aatbod dataction liaut for cha
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APPENDIX B
GROUND WATER HYDRAULIC PARAMETER CALCULATIONS
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00001R 70B.1.0 GROUND HATER DISCHARGE RATES ^ v -1 ° ' U
AMD TUSCARAUAS RIVER DILUTION FACTORS

Aiturning that the ground water beneath the ARCO site flows to the Tuscarawas
River, and assuming isotropic flow conditions (hydraulic properties are equal
in all directions)* the dilution factor, or ratio of the volumetric flux
(discharge rates) of ground water entering the river to river discharging past
the site, may be derived using Darcy's equation (Freeze and Cherry, 1979, p.
28):

QG * K«I'A where QQ * ground water discharge rate

K « hydraulic conductivity

I * hydraulic gradient

A * cross-sectional area
perpendicular to flow

I » -rr dh • hydraulic head drop

dl * horizontal distance of drop

A * (m«b) m * width of flow tube

b * saturated thickness

The dilution factor, DF, is the proportion of ground water discharge into the
river, Q-, relative to river discharge, Qn, such that:

DP

B.I.I HYDRAULIC CONDUCTIVITY
For the Gnadenbutten site, the aquifer of concern consists of unconsolidated
•edintents including fine-grained silt and sand and coarse-grained sandy
gravel. Considering these materials have different abilities to transmit
water, the hydraulic conductivities are expected to vary over a wide range of
values, from about 10 to 1 centimeter per second (cm/s) (Freeze and Cherry,
1979, p. 29). Laboratory tests indicate hydraulic conductivities of about
10"5 cm/s for silty sand collected from excavations (test pits) in the sludge
pit (Table 3-2). Aquifer pumping tests* conducted in the Tuscarawas River

B-l



00001871
valley about 2.7-miles southwest of the site (Ohio Drilling Company, 1972),

indicated a coefficient of transmissivity, T, of 685,000 gallons per day per
foot (gpd/ft), which is proportional to a hydraulic conductivity of
0.0061 feet per second (ft/s) (0.185 centimeters per second [cm/s]) for a 175-
foot-thick saturated aquifer thickness. Hydraulic conductivity calculations
for the site production well, PW-5t result in a hydraulic conductivity
estimate of about 0.0041 ft/s (0.125 cm/s) assuming representative values for
the well pumping rate, drawdowns, and aquifer thickness as indicated below.

In 1979, Well PW-5 was pumped at a rate of 1,000 gallons per minute (gptn),
causing a drawdown of 6 feet (ft) (Ohio Drilling Company, 1980). However, the
well is probably inefficient because the slotted screen extends only through a
portion of the aquifer causing the drawdown to be accentuated.

Driscoll (1986, p. 1021) presents an empirical equation that enables the
calculation of transmissivity, or hydraulic conductivity, for an unconfirmed
aquifer from the pumping rate and drawdown in a well:

T * -2- (1500) where T * transmissivity (gpd/ft)

Q * well pumping rate (gpm)

s * drawdown (ft)

Taking well efficiency into account:

T » -2- (1500) e « well efficiency
s*e (unitless from 0 to 1.0)

And then taking the saturated thickness of the aquifer into account

K * hydraulic conductivity
~ b'(7.48)186,4007 " (ft/s)

b « saturated thickness (ft)

Vow the hydraulic conductivity of the aquifer developed by the sit« production
well, PW-5, may be estimated with values for the above parameters aa reported
on the Ohio Drilling Company (1980) well completion record. Assuming the well

B-2



0000 1S72
efficiency is 60 percent and the saturated thickness of the aquifer is

157 feec (static water level is 23 feet and bedrock is 180 feet below the
ground surface), the hydraulic conductivity is estimated for a pumping rate of
1,000 gpo and a drawdown of six feet;

_ (1,000X1,500) , ... ,,, .,-.—— 416,667 gpd/ft

K - (0.00411 ft/s)(30,48 cm/ft) - 0.125 cm/s

B.I. 2 HYDRAULIC GRADIENT
The ground water hydraulic gradient slopes moderately toward the Tuscarawas
River except in the area where pumping of well PW-5 creates a cone of
depression (Figure 4.5, March 26, 1987 data). In general, the gradient from
Monitoring Well MW-1 to Monitoring Wells MW-7 and MW-3 is perpendicular to the
water table elevation contours of the data (Figure 4.5). These wells provide
an average gradient of 0,00135 ft/ft:

MW-1

MW-1

* MW-7
* MW-8

dl (ft)

1,175
1,269

dh (ft)

1.60
1.70

!-£ (ft/ft)

0.00136
0.00134

0.00135 average

B.I.3 CROSS-SECTIONAL AREA

The cross-sectional area through which site ground water flows, A, is defined

by the length of the river segment bounding the site and by the saturated
thickness of the aquifer. Assuming isotropic hydraulic conductivities in the
horizontal plan* (Kx - K ), the horizontal plane of the flow tube may be
defined as approximately square, with the river segment as one side of the
square including the ARCO and Alsco site areas. The dimensions of the square
are defined by the distance from MW-1 to MW-7 and to MW-8, which in
approximately 1,200 feet, such that the length of the river segment is assumed
to be 1,200 feet, which is about the distance of the site boundary. The
vertical dimension that defines the cross-sectional area is the saturated
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thickness of the aquifer. Assuming the total thickness of unconsolidated

materials is 180 feet (depth to bedrock), and an average depth to ground water
of 20 feet, the saturated thickness is 160 feet. Thus, the assumed cross-
sectional area through which site ground water flows is 192,000 ft2:

A « m«b * (1,200 ft) • (160 ft) - 192,000 ft2

B.I.A GROUND WATER DISCHARGE RATES
For ground water flow beneath the site, the volumetric flux, or discharge
rate, Q, may be derived using Darcy's equation and the above estimates for
values of hydraulic conductivity, K, hydraulic gradient, I, and cross-
sectional area, A. The widest ranging parameter is the hydraulic
conductivity. Because the discharge rate is directly proportional to K, and
if A and I remain constant, the following conversion becomes useful:

Qr - K-I-A - K (0.00135X192,000 ft2) - K • (259.2 ft2)i*

A range of estimates for ground water flow rates through the aquifer cross
section can be made using the above values. For example, using an estimated
value of K for coarse gravel encountered by Well PW-5, a "high" discharge rate
is obtained:

Qn - (K)(I«A) - (0.00411 ft/i)(259.2 ft2) - 1.07 ft3/s
G

and then using an empirically derived value of K for fine-grained, silty sands
encountered near the surface, a "low" discharge rate is derived:

Qn - (I0"5cm/s)(0.0328 ft/cm)(226.8 ft2) - 7.44 x 10"5 ft3/si*

B.I.5 TUSCARAWAS RIVER DISCHARGE RATES
The nearest gaging station on the Tuscarawas River, which flows past the site
(stream mile 37.7), is at Newcomerstown (stream mile 21.4), about 16.3 miles
downriver from Gnadenhutten (Army Corps of Engineers, 1973). No major
tributaries enter the Tuscarawas between the site and the gaging station, such
that river discharge rates for the Newcomerstown gage as published by the Ohio
Department of Natural Resources (1968, p. 27, 134) should be useful. The

B-4



00001874
drainage area at the Newcotnerstovn gage is 2,432 square miles (mi ), and the

following discharge rates apply:

EVENT DISCHARGE RATE

Largest flood, historical record (1913) 82,931 ft*/s
Largest flood, after regulation (194C) 22,100 ft3/s
Median flov 1,190 ft3/s
Low flow (exceeded 90 percent of time) 365 ft3/s

The Corps of Engineers (Herndon, 198S) estimated the flood flow rates at
stream-mile 37.7 for the 100-year and 50-year floods to be:

100-year 30,400 ft3/s
50-year 16,800 ft3/s

B.1.6 RIVER DILUTION FACTOR

The river dilution factor is a coefficient that depends on the ground water
flow rate entering the river, QCT* *ni* the river discharge rate, Q*», which is
the sum of the influent ground water and river water at the point of
concern. Assuming the river water is "clean," the dilution factor, DF, is
simply the ratio of the discharge rates of influent ground water to river
water:

DF - QGI/QR

Assuming 100 percent of the ground water flow beneath the site enters the
river during low flow, the most conservative dilution factor estimate is
derived using a high ground water discharge rate estimate:

DF « K07 £t/a - 0 0029f FTflU T U.UUi*FLOW 365 ft3/s

Such a dilution factor, DF * 0.003, indicates that a constituent found at
levels of 1,000 parts per billion (ppb) in ground water entering the river
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00001S.75
would be diluted by the river to a concentration of 3 ppb. However, this
dilution factor estimate may be unrealistically low because a large fraction
of the ground water probably does not enter the river, but flows beneath the
river and down the valley. If the influent ground water (discharge to the
river) is assumed to be proportional to that part of the aquifer thicluiess
intersected by the river, a lower dilution factor results. Assuming the river
it 5 feet deep, such that the total aquifer thickness (saturated) is 160 feet,
and the aquifer is dissected in the upper S feet, the proportion of influent
ground water to "down-valley" ground water, QGj, is:

such that

Q_T - (0.031X1.07 ft3/i) - 0.033 ft3/sGI

The dilution factor for an influent ground water discharge rate of 0.033 ft/s
entering the low flow river is:

Proportional DFLOW FLQH , (0.031){0.0029) , 0.033 ft3/s,
365 ftj/s

This "proportional" dilution factor indicates that a constituent found at

1,000 ppb in ground water entering the river would be diluted to a
concentration of O.I ppb, but that most ground water does not flow into the
river adjacent to the site.

The above estimates for the river dilution factor are "conservative" assuming
high rates of ground water discharge and low rates of river discharge.
Concentrations of contaminants in ground water entering a "clean" river will
be reduced by at least three orders of magnitude during low flow and by a
greater amount during normal to high flow.
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B.2.0 GROUND WATER VELOCITY

Ground water flow chrough a representative volume of the aquifer nay be
evaluated through Darcy's equation and derivative relations that define such
parameters as specific discharge, q, and the average linear velocity, v, of
ground water. For the average cross-sectional area, A, including voids and
solids, the specific discharge, q, is defined as (Freeze and Cherry, 1979,
p. 16) :

q » Q/A

where the volumetric flux, Q, is derived from Darcy's equation and is defined
as the product of the hydraulic conductivity, K, the hydraulic gradient, I,

and the cross-sectional area, A, such that

q » K«I

However, flow actually occurs only through that portion of the aquifer area
occupied by interconnected voids, and for the typical cross-sectional area,
the average linear velocity, v, is defined (Freeze and Cherry, 1979, p. 71)
as:

v * Q/n»A » K'I/n * q/n

where n is the effective volumetric porosity or the average of the various
possible cross-sectional area porosities.

8.2.I SPECIFIC DISCHARGE
For the Gnadenbutten site ground water system, previous estimates indicate
values for the hydraulic conductivity and the hydraulic gradient are K *
0.00411 ft/s and I - 0.00135 ft/ft, which results in a specific discharge of
0.44 ft/day:

q « (0.00411 ft/s)(0.00135 ft/ft) - 5.55 x 10*6 ft/s
- 0.44 ft/day
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B.2.2 AQUIFER POROSITY AMD AVERAGE LIHEAK VELOCITY

For the unconsolidated sand and gravel aquifer media, porosity values are
expected to range from n » 0.25 to n * 0.40 (Freeze and Cherry, 1979,
p. 37). Assuming a Low effective porosity, a high (conservative) estimate of
the average linear ground water velocity is obtained. So if n « 0.25,

v « (5.55 x 10"6 ft/s)/(0.25) « 2.22 x 10"5 ft/s
« 1.92 ft/day

The above calculations indicate that the average linear velocity of ground
water outside of the influence of the pumping well, PW-5, is about 1.2 feet
per day, which is a relatively high rate reflecting the relatively conductive
aquifer materials.

B.3,0 VERTICAL LEAKAGE FROM SITE IMPOUNDMENTS

The vertical leakage rate from the sludge impoundments also may be calculated
using Darcy's equation:

Q * K-I-A where Q * leakage flow rate
K » hydraulic conductivity
I • hydraulic gradient
A « cross-sectional area

Values for the above variables have been estimated previously as summarized
below.

B.3.1 HYDRAULIC CONDUCTIVITY
Laboratory measurements of sludge and undersoil hydraulic conductivities range
from 10"5 to 10~7 centimeters per second (cm/s) (Table 3-3). A typical value
of K - 10"6 cm/§ » 10"7*5 ft/s may be used in Darcy's equation.

i.3.2 HYDRAULIC GRADIENT
The water content of the sludge is approximately 80 percent (Table 3-14), such f

that the sludge is assumed to be saturated. A conservative approach assumes
the average thickness of the sludge represents both the head drop (dh) and the
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vertical distance across which the drop occurs (dl), such Chat the hydraulic
gradient becomes unity:

T - dh
1 dl

I - 1.0 where dh * dl

and the flow rate equation becomes:

q - K-A

B.3.3 CROSS-SECTIONAL AREA
The cross-sectional areas of the impoundments (Table 3-1) as listed below have
been estimated using the 1 inch * SO feet site survey contoured at two-foot
intervals:

IMPOUNDMENT AREA (ft2)

Sludge disposal pit 5,775
Northern settlement basin 6,400
Southern settlement basin 5,900

B.3.4 LEAKAGE RATE
Using the simplified flow rate equation, Q * K*A, derived from Darcy's
equation, the vertical leakage rates can be calculated:

Sludge Disposal Pit: Q - (10~7*5 ft/s)(5,775 ft2)
- 0.00018 ft3/s
- 0.00517 l/s

Northern Settlement Basin; Qnb - UQ~7'5 ft/s)(6,400 ft2)
- 0.00020 ft3/s
- 0.00573 l/s

Southern Settlement Basin: Q8b - (10~7'5 ft/s)(5,900 ft2)
- 0.00019 ft3/s
- 0.00528 l/s
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The contaminants in leachate from the waste sources (sludge in impoundments,
pic, and swamp) will be diluted by mixing with the ground water so long as the
ground water concentrations are less than leachate concentrations. The
effects of advection, hydrodynamic dispersion, and chemical diffusion are to
dilute (reduce) contaminant concentrations with increasing distance from a
finite source (Batu, 1987). Monitoring wells nearest the continuously
leaching contaminant sources* therefore* will yield ground water with higher
concentrations of contaminants than wells further downgradient. Several
different approaches for evaluating downgradient dilution are possible.
However, for the purpose of estimating the contaminant levels at finite
distances from the ARCO site, the U.S. EPA Vertical and Horizontal Spread
(VMS) model was used because it is considered to be conservative [Federal
Register, Vol. 50, Mo. 229, Wednesday, November 27, 1985, pp. 48886-48966 (SO
FR 48886-48966)].

B.4.1 U.S. EPA VERTICAL AMD HORIZONTAL SPREAD MODEL

The VHS model is an analytical approach to evaluate the potential hazard of
inorganic wastes that may leach into ground water from an overlying
landfill. The model assumes reasonable worst-case conditions to model ground
water transport of toxicants from disposal sites to nearby receptors. More
specifically, the model estimates the ability of an aquifer to dilute the
toxicants from a specific volume of waste and predicts toxicant levels at a
receptor well any distance from the waste source. The VHS model equation is
as follows (SO FR 48900):

C » CQ erf {[Y'/4Y]0'5} erf {X/[4(dtY)°'5]}

where

C * concentration at receptor [mg/i]

C * leachate concentration [mg/i]

Y* * width of single trench taken as 12.2 m

Y * distance to receptor point [m]
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X * Length of disposal trench perpendicular to v'JU-'j.
ground water flow [m]

dt * transverse dispersivity taken as 2m

The dimensions of the model define a trench-shaped landfill with a volume
taken to be that of the waste (sludge). The length of the trench may be
calculated as follows:

Volume - X (Y1) depth

Then, given the initial leachate concentrations (e.g., EP Toxicity results)*
the estimated concentration at a receptor point any distance (Y) perpendicular
from the trench may be calculated.

B.4.2 VHS MODE!. RESULTS FOR 50-METER RECEPTOR
The VHS equation as presented above is used to estimate the dilution of
leachate to a receptor SO meters from the waste sludge. Maximum observed
ground water concentrations for total chromium (Cr), cyanide (CN)f fluoride
(F), and arsenic (As) are used to compute the expected worst case
concentrations at a receptor point SO meters from the sludge assuming a total
sludge volume of 8,850 cubic yards (yd ) (6,766 m ) and taking an average
sludge thickness of 2.S m ("7.9 feet), as indicated in Table 3-1.

The model trench length* X, can thus be computed as:

X » volume/[(Yf)(depth)]
« (6,766 m3)/[(12.2 m)(2.5m)]
- 221.8 m

Then for a receptor at a distance of SO m:

C - CQ erf {[12.2/[(4)(50))]°'5} erf {221.8/(4((2)(221.8)]°'5)} .
- C0 erf (0.247) erf (0.745)
- C0 (0.276) (0.708)

- C0 (0.195)

B-ll



00001881
For Cr, CN, F, and As, the maximum EP Toxicicy leachate concentrations in mg/l
are 0.14, 0.70, 8.7, and 0.047, respectively. Therefore, the concentrations
at the receptor well 50 meters from the source are computed by the VHS model
as follows:

C50(Cr) - 0.14 (0.195) - 0.027 otg/l Cr

C50(CN) - 0.70 (0.195) - 0.137 mg/l CN
C5Q(F) » 8.7 (0,195) « 1.70 mg/t F
C5Q(As) * 0.047 (0.195) - 0.009 mg/l As

The computed concentrations at a receptor well 50 meters from the source are
less than the SDWA Standards and Water Quality Criteria .

VUS MODEL 50-m CONCENTRATION SDWA PRIMARY STANDARD
(mg/t) (mg/t)

Cr 0.027 < 0.05
CN 0.137 < 0.2*
F 1.70 < 4.0
As 0.009 < 0.05

U.S. EPA Water Quality Criteria for the Protection of Human Health as
reported in the Superfund Public Health Evaluation Manual (U.S. EPA,
1986, EPA 540/1-86/060).

B-12
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APPENDIX C

BORING LOGS AND WELL COMPLETION DIAGRAMS
ARCO CNADENHUTTEN, OHIO SITE

AND SURROUNDING AREA
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APPENDIX C

OUTLINE OP CONTENTS

• Boring logs and well completion diagrams for the ARCO
Gnadenhutten, Ohio site

• Water well inventory of surrounding area

• Boring logs of water wells in surrounding area of the
ARCO Gnadenhutten, Ohio site.
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APPENDIX C

LIST OP TABLES

TABLE MO. TITLE
C-l Water Well Inventory, ARCO Chemical Company, Gnadenhutten,

Ohio

LIST OP FIGURES

FIGURE NO. TITLE
C.I Regional Map Showing Water and Oil/Gas Well Locations
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BORING LOGS AND WELL CONPLBTION DIAGRAMS
FOR TUB ARCO CNADEMHUTTEN, OHIO SITE



GENERAL NOTES AND LEGEND S97

*t» d«».gn»i.qn on in bonn

U S C S

•AftfttL

PENETRATION REfUSAL RESISTANCE AND
FRACTIONAL INCREMENT DRIVEN N FEET

GROUND MATE* LEVEL AND OAT(

UNIFIED SOK. CLASS**CATION SYSTEM (CAFiTAi
MDICATf LA* TEST CLASSIFICATION LOWER CASE LETTERS
MOCATf VISUAL FKLD CLASS*ICATIONI

ROD {MOCK QUALITY DESIGNATION PERCENT)
LENGTH OF NUMM* Of nCCES GREATER THAN 4 MCHES
OiVKliO IV THf LENGTH Of THE CORE RUN)

MOtCATES PERCENT Of COM RECOVERED (LENGTH Of CORE
RECOVERED OlVttEO IT LENGTH Of CONE

tTAMOAHO PCN«TRATlOM RHIfTAMCI rt TMt NUMWM
Of tLOW* RIOUI«ID TO DAlVl A I tMCH O 0 VlIT

•AMRIL UMKER 1tlWNlSut)NaA1«0*QUNONAMMR
f AiLIPM rRIILT TMROUON » IMCHCI. TMI UAV1IR

«IA| OMIVIN tt IMCHIS AND THt NUWMR O* HOWt

RKO«O«OfO«IAO4«IMCHIMTIRVAL TM| RUHTAMCI

TO Pf NITRATKW It IMMCATIO ON TMt OHAW1PM AC
•LOM n* *OOT

TRACI -IMBlCATCl MOCICt Of 9 TO »% 0* lUtJtCT H*TtlM«k iT «t(
tOM - wOiCATH MKXWI o« it TO tO\ Of tulJCCT HATIRIAI. fr «f

AMD - MMMCATCI A»»WIIII*TCtT tguAL «OTlO« OF W»JCCT HATtfflAt. it

0' COH«1'V|

CONSiSTINCi

-!•• SO"
10"

**(OKJN S"»»
1'<M

,(«» ST*»
-•ItO

j«COMH»(0 COMMMSSiwf
ITMMCTH TQMI H* lOuAHI IOOT

asi r-«*o 11
0 J» TO 0 10
D 10 TO 1 0
i 0 TQ I 0
1 0 rQ 4 0

HO'f 'HIM 4 0

«*«HX>« tOUt

OH«H»*"O**

vt«' LOOSI
1.0011

MC04UW OfMM
OIMI1

V(«* OIMll

•LOWS n« 'GOT
0 *
i >o
11 »
K.ta

OW1« 10

mt IOf«»*G LOGS ANO RlLATEO MFQRMATiON
OEPtCT SUtSURFACE CONDITIONS OHLT AT
THE SftClHC LOCATIONS AND DATES INDICATED
SOIL CONDITIONS AND WATER LEVELS AT
OTHift LOCATIONS MAY OtffiR f(*OM CONDITIONS
OCCURRING AT THESE 10RING LOCATIONS ALSO
THl PASSAGt Of THHE MAY RESULT IN A
CHANCE M THt CONDITIONS AT THESE
•OftiNG LOCATIONS

CltUtHvt

U S C S CUASSfiCATiON ?0* SOU.5

*CNT*0*TH SCALE POM ROCK

Tt*MS USID TO OCSCM«I TN| MLAtivI CHCRIIS 0* ROCK CORE MARQNISS
OCtCRifTivf TEHMS

VER» SOFT
SOFT

MEOHJM HAND

HARD

tftR* HARD

Dl*>smG CHARACTERISTICS
CRuSHtS uNQt* "RESSURI Of FiNGCRS AMO'OR TMuMt

CRUSttS uNOER PRISSuRE Of MESSED HAWMfN
incus EASH* UNOIK SMCLE HAMMIR ILOW luT WITH CRuMtLT toots

BMAIS LMOIH ONE 0" "*0 STRONG MAMWfR ILOWS KjT
WITH HESITANT SHARP (DGIS

•Rf AKS uMOfll Sfvt*Al STRQMC HAMMtR ILOWf tUT WITH VfRv
• INSTANT S***«» EDCtS AND MAT S'ALL LtAVMG CONCHClO*l FHACTUMIS

THE SPACING OF THE: DISCONTINUITIES
IN TH£ ROCK HAY SC DESCRIBED

BY ON€ OF TX FOLLOWING TEflMS
DESCRIPTIVE TEWIS

VERV BROKEN
BROKEN

SLIGHTLY BROKEN
UNBROKEN

SPACING
LESS THAN i IN

I IN TO 3 IN
3 IN TO 6 !N

6 IN ANO GREATER
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DATE BEGAN t-n-as
DATE FINISHED 3-13-85

GROUND SURFACE E

EV
eET)

830.0

820.0
J-^H5

810.0

800.0

790.0

i 787.8

1 DEPTH
(FEET)

-

: -
"10.0"

-

* 20.0"

" 25. 0"

" 30. 0"
-

" 35.0*

" 40. 0"
_ _

" 45.0"
. —

50.5"

837.8

rAMPLE
TYPE

""Ŝ^TS
^fC
2^

X

IxIC

2S

^\

^JK

^K

!xT%^

^C

oI
?s?<••ll
II

II
1
1

I

1
*:!

if

1
;•:*
*:•

1

1

BORING NO. _ilibi__
N E

DESCRIPTION

FILL MATERIAL: BROWN AND BLACK,
LOOSE, SAND, CINDERS, GRAVEL,
MOIST

4.5 f

BROWN, LOOSE, MEDIUM TO FINE
SAND, SOME FINE GRAVEL, TRACE
SILT, MOIST TO WET

GRADES TO

BROWN, MEDIUM DENSE, MEDIUM TO
FINE SAND, SOME MEDIUM TO FINE
GRAVEL, TRACE SILT, WET

34.5*
BROWN, MEDIUM DENSE, MEDIUM TO
FINE, SAND SEAM 35.0-35.7 37>Q,

BROWN, MEDIUM DENSE, COARSE TO
FINE SAND, SOME MEDIUM TO FINE
GRAVEL, TRACE SILT, WET

NO RECOVERY

u
M
D

sp

sw

sp

F I E L D E N G I N E E R
CHECKED BY D . BRUNNER

PENETRATION
RESISTANCE

(BLOWS PER *OOT)
10 30 40

I
A

.

'

I

|

L
}
_

REMARKS

-

8S

PROJECT NO. 846697 BOTTOM OF BORING
50.0*

BORING NO. MW-1
SHEET 1 OF 1



DATE BEGAN 4-5-85

DATE FINISHED 4-5-85

GROUND SURFACE EL

;v

830.0

820.0
4-5-85

10. 0

800.0

790.0

4 781.6

DEPTH
(FEET)

5.0 "

' 10.0"

• 15.0"
• _

" 20.0"

" 25. 0"
-

30. Q"
-

" 35.0"
L.

" 40. 0"
.

" 45.0"
-

" 50.0"

831.6

BORING NO. MU~2

N E

F I E L D E N G I N E E R
CHECKED BY D. BRUNNER

SAMPLE
TYPf

^C

^^

>f _^r^

X

K^>

X.

X

>«s

X

iU

oII
WV5v%rVi
fei
*:•:

1

1

1
$

1
:?£

1

n

DESCRIPTION

FILL MATERIAL: MOTTLED BROWN
GRAY AND BLACK, VERY LOOSE, FINE
SAND AND SILT, TRACE BLUE
SLUDGE, WET

11. 01

BROWN. LOOSE TO MEDIUM DENSE,
MEDIUM TO FINE SAND, TRACE SILT,

WLi LJ . J r

1 BROWN, LOOSE, FINE SAND AND
SILT, WET

15.5'

BROWN, MEDIUM DENSE, COARSE TO
FINE SAND, SOME MEDIUM TO FINE
GRAVEL, TRACE SILT, WET

NO RECOVERY

NO RECOVERY

u

sv

sm

sp

PENETRATION
RESISTANCE

(BLOWS PER FOOT)
10 30 50

A

1\
REMARKS

PROJECT NO. 846697 BOTTOM OF BORING
50.0'

BORING NO. MW-2
SHEET 1 OF 1
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DATE BEGAN 4-4-85

DATE FINISHED 4-4-85

GROUND SURFACE EL

EV
.. EET)

830.0

820.0

4-4-85

810.0

800.0

790.0

I 783.3

DEPTH
(FEET)

5.0 "
- -

"lO.O "

"15.0 "
. _

"20.0
.

-

25.0
-

"30.0 "
» ' —

"35.0 "
•

"40.0 "

"45.0
m. -

"50.0 "

833.3

5AMPV.C
TVPf

^f\

^K

xfC

^f^
•̂ŝ

i^K

^4s

<s\^

^IC

iZo

I
i
1
i
1

1

1
:'•:*'.'^H

1

1
M

BORING NO. _Mlti_
N E

DESCRIPTION

FILL MATERIAL: BROWN, MEDIUM.
DENSE, SAND, TRACE SILT, CINDERS,
WOOD, GRAVEL, BRICK AND ROCK
FRAGMENTS, WET

12. Of

MOTTLED BROWN AND GRAY, VERY
LOOSE, FINE SAND, SOME SILT, WET

17. Of

BROWN, MEDIUM DENSE, COARSE TO
FINE SAND, SOME MEDIUM TO FINE
GRAVEL, TRACE SILT, WET

INTERBEDDED WITH SOME BROWN,
MEDIUM TO FINE SAKD SEAMS

NO RECOVERY

NO RECOVERY

in
O

3

am

F I E L D ENG N E E R

CHECKED BY

PENETRATION
RESISTANCE

(BLOWS PER FOOT)
10 30 SO

'
/r

\

n R q p v j M F T j
D. B RUNNER

REMARKS

AUGERED THRU
FILL MATERIAL
0.0 - 5.5'

SPOON SUNK
TO 22.5 FEET
BY ITS OWN
WEIGHT

PROJECT NO. 846697 BOTTOM OF BORING
50.Of

BORING NO. MW-3
SHEET 1 OF 1



OATEBEGAN 3-22-85 _ -_ . . .__ ._ .-, ,
oumrau nu. "" -

DATE FINISHED 3-22-85

GROUND SURFACE EL.. 825 7 N E

FIELD ENGINEER
CHECKED BY 1

D. BRUNNER
D. BRUNNER

EV DEPTH
(FEET)

SAMPLE
TYP€ DESCftlPTtON o

PENETRATION
RESISTANCE

(BLOWS P€« FOOT)
10 30 W

REMARKS

820.0
5.0

10.0

3-22-85

810.0
15.0

20.0

790.0
35.0

40. 0

780.0 AS.n

775.7 50.0

FILL MATERIAL: BROWN TO DARK
BROWN, MEDIUM DENSE, FINE SAND
AND SILT, TRACE CINDERS,
ORGAJJICS, BRICK AND ROCK
FRAGMENTS. MOIST 6.0'

I

1

BROWN, LOOSE, MEDIUM TO FINE SAND,
TRACE SILT, MOIST, GRADES TO GRAY
COLOR

11. 01
sv

GRAY, SOFT, SILT, SOME CLAY,
TRACE FINE SAND, WET 12.511

ml

BROWN, MEDIUM DENSE, MEDIUM TO
FINE SAND, SOME MEDIUM TO FINE
GRAVEL, WET

sp

20.5*
GRAY, MEDIUM DENSE, MEDIUM TO
FINE SAND, SOME MEDIUM TO IINE

" GRAVEL, TRACE SILT, WET 22.5'!
sp

BROWN, MEDIUM DENSE, MEDIUM TO
FINE SAND, SOME MEDIUM TO FINE
GRAVEL, TRACE SILT, WET

31.0'

sp

'

BROWN, MEDIUM DENSE, MEDIUM TO
FINE SAND, TRACE SILT, WET

sv
32.5T

BROWN, MEDIUM DEKSE, MEDIUM TO
FINE SAND, SOME MEDIUM TO FINE
GRAVEL, TRACE SILT, WET

sp

i
PROJECT NO. 846697 BOTTOM OF BORING

50.0'
BORING NO. MW-A
SHEET 1 OF 1



f • < r
D A T E BEGAN 4-8-85

DATE FINISHED: 4-8-85

GROUND SURFACE EL

-EV
,-EET)

820.0

4-8-85

810.0

800.0

790.0

780.0

i 776.1

DEPTH
(FEET)

5.0 "

"10.0 "

_

"15.0 "

"?n n

"25.0 "

"30.0"
. _

"35.0"

" "

m •«

"40.0 "
.

"45.0"

IB ••

"50.0 "

826.1

BORING NO. -ittizi.
H E

SAMPLE
TV PC

X

>K

^S
^

N^̂

>K

^f=C

>\S
^

^K

\̂sK

_J
is
11*$*"TIi
i

•*:>
SS

ft

i
.v.p.

*'•'•

ft';'

DESCRIPTION

BROWN, VERY LOOSE, FINE SAND
AND SILT, WET

7.0'

GRAY, VERY LOOSE, FINE SAND,
TRACE SILT, WET

13.0*

BROWN, MEDIUM DENSE, COARSE TO
FINE SAND, WITH MEDIUM TO FINE
GRAVEL, TRACE BLACK ORGANICS,
WET

19.0'
BROWN, MEDIUM DENSE, MEDIUM TO
— , FINE SAND, WET 20. S1^

BROWN, MEDIUM DENSE, MEDIUM TO
FINE SAND AND SILT, SOME
MEDIUM TO FINE GRAVEL, W E T i n 1

BROWN, MEDIUM DENSE, MEDIUM TO
FINE SAND, TRACE FINE GRAVEL,
WET . 24.5 '

BROWN", "MEDIUM DENSE, MEDIUM TO
FINE SAND, TRACE FINE GRAVEL,
WET

36. Of

BROWN, MEDIUM DENSE, COARSE TO
FINE SAND, SOME MEDIUM TO FINE
GRAVEL, WET

u
V)
3

sp

SV

sp

sv
sm

sp

sv

sp

F I E L D ENGINEER
CHECKED ev

D. B RUNNER
D. BRUNNER

PENETRATION
RESISTANCE(BLOWS PER FOOT)

10 M M

i
\

\
/\1
..

REMARKS

-

9',

PROJECT NO. 846697 BOTTOM OF BORING
50.0'

BORING NO. MW-5
SHEET 1 OF 1



DATE BEGAN j-18-85

DATE FINISHED 3-19-85

GROUND SURFACE EL

EV

830.0

820.0

3-18*85

810.0

800.0

790.0

34.8

DEPTH
(FEET)

s.n "

-10.0 -

"15.0 "

"20.0 "

"25.0 "
• •.

"30.0"
_

"35.0"

' 40.0"
.

"45.0"
_ _

50 0

834 8

SAMPLE
TYPf

!̂ K

s^r*^

s%^

x^x

^^

^fC

/K[

<^^

-x^^s.

|
i •

1
IS

i

1
if
TO

1

I*

1
•jj-j:

i
jg:

MS

BORING NO. MW-fi

N E

DESCRIPTION

SLAG AND CINDER FILL 0 .5 '

BROWN, LOOSE, MEDIUM TO FINE
SAND, SOME MEDIUM TO FINE
GRAVEL. TRACE SILT, WET

10.0'

BROWN, LOOSE, MEDIUM TO COARSE
SAND, SOME FINE TO COARSE
GRAVEL, WET

BROWN, LOOSE TO MEDIUM DENSE,
FINE TO COARSE SAND, SOME FINE
TO COARSE GRAVEL, WET

GRADES TO 38<Q.
BROWN, MEDIUM DENSE, MEDIUM TO
COARSE SAND, WET

GRADES TO 43.0'

BROWN, MEDIUM DENSE, FINE TO
COARSE SAND, SOME FINE GRAVEL,
WET

V)
U

sp

•P

•P

•P

•P

•w

•P

F I E L D E N G I N E E R
CHECKED 9Y

T . M . JOHNSON
D. BRUNNER

PENETRATION
RESISTANCE

(BLOWS PER FOOT)
10 30 $0

!

-

j
'
1

>|

'

RIMARKI

SLIGHT
REDDISH COLOR
IN SAMPLE S-5
FOLLOWING
ADDITION OF
DIPHENYL
CARBIZIDE

SLIGHT
REDDISH COLOR
IN SAMPLE
S-7 FOLLOWING
ADDITION OF
DIPHENYL
CARBIZIDE

SLIGHT
REDDISH COLOR
IN SAMPLE S-8
FOLLOWING
ADDITION OF
DIPHENYL
CARBIZIDE
SLIGHT
REDDISH COLOR
IN SAMPLE S-9
FOLLOWING
ADDITION OF
DIPHENTL
CARBAZAIDE
AUGERED FROM
46. 5' TO 500'
WITHOUT
SAMPLING

PROJECT NO. 846697 BOTTOM OF BORING
50.0'

BORING NO.
SHEET 1 OF

MW-6
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DATE BEGAN 4-8-85

DATE FINISHED 4-9-85

GROUND SURFACE EL

ELEV
(FEET)

820.0

4-9-35

810.0

800.0

790.0

780.0

| 771.7

DEPTH
(FEET)

" 5.0 "

"lO.O "
-

"15.0"
. _

"20.0 "
. _

"25.0"
. .

30. 0"
-

" 35.0"
-

• 40.0"

-

" 45.0"
-

" 50.0"

H91 7

SAMPLE
TYPf

X

i^K

^f\

^K

^fC

/K

^K

^4s

^!N

1
1
1
i
1

1

#:::

M

ix

|i|

11
m

1

BORING NO. MU-7
N E

DESCRIPTION

BROWN, VERY LOOSE, MEDIUM TO FINE
SAND, TRACE SILT AND GRAVEL,
WET

8.5f

BROWN, MEDIUM DENSE, COARSE TO
FINE SAND, WITH MEDIUM TO FINE
GRAVEL, WET

14.0'
BROVm, LOOSE, MEDIUM TO FINE
GRAVEL, WITH COARSE TO FINE
SAND, WET

18.5'

BROWN, MEDIUM DENSE, MEDIUM TO;
FINE SAND, SAME MEDIUM TO FINE
GRAVEL, WZT

NO RECOVERY

10
L>
01
3

sp

sp

8P

sp

F I E L D ENGINEER
CHECKED BV D

_D, B RUNNER
. BRUNNER

PENETRATION
RESISTANCE

(BLOWS PER FOOT)
10 30 W

<

j

-

\

!
|

~

I
^ \

\

REMARKS

-

PROJECT NO. 346697 BOTTOM OF BORING
50.0'

BORING NO. MW-7
SHEET 10F 1
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1 DATE BEGAN 3-15-85

DATE FINISHED 3-15-85
1UNO SURFACE EL

cLEV
(FEET)

820.0

3-15-85

810.0

800.0

790.0

780.0
[. 77q.8l

DEPTH
(FEET)

- 5.0 -

"10.0"

"15.0"

" 20.0"

" 25.0"

- 30.0-

*~ 35.0"

" 40.0"

" 45.0"

~ 50.0"

829.8

BORING NO. _MWzl
N E

SAMPLE
TVPt

^=C

X

2^

s%^

""ŝ S ^^^s\

^IC

"̂"•"̂ Ŝ *̂
^7^

-^fC

2^

PR
OF

ILE

ŷ\aao
u

'**(
fcS

11
#:•

:|$

1

1

I
•x- •
*!:

.;.;.;-

1

DESCRIPTION

n ASPHALT AND SUBGRADE 0 .51

FILL MATERIAL:
GRAY, LOOSE, MEDIUM TO FINE SANt
•S011E FI1IC GRAVEL, TRACE SILT, m

TRACE ORGANICS, WET 3.6'
FILL MATERIAL:
BROWN, LOOSE, COARSE TO FINE SAN1
SOME MEDIUM TO FINE GRAVEL, TRAC
SILT, TRACE SHELL FRAGMENTS,

T MOIST 9.0*
GRAY TO BROWN, SOFT, SILT, TRACE
FINE SAND AND CLAY, MOIST
(RIVER SEDIMENT) 13.5*

- BROWN, MEDIUM DENSE, SILT,
SOME FINE SAND AND MEDIUM TO
FINE GRAVEL, WET 14. S1

3
E

BROWN, DENSE TO MEDIUM DENSE,
COARSE TO FINE SAND, SOME MEDIUM
Trt tTUC r*BAVP7 TPAPP QT1 T UPT

20. O f

BROWN, MEDIUM DENSE, COARSE TO
MEDIUM SAND WITH MEDIUM GRAVEL,
WT 25.0t

BROWN, DENSE, COARSE TO MEDIUM
SAND, SOME MEDIUM TO FINE
GRAVEL, TRACE SILT, WET

35. 01

BROWN, MEDIUM DENSE , FINE SAND,
TRACE FINE GRAVEL, WET

PROJECT NO. 846697 BOTTOM OF BORING
50.0'

u
(A
3

sp

sp

sm

sm

sp

sw

sp

sv

PiELD E N G I N E E R

CHECKED BY D
D. BRUNNER
BRUNNER

PENETRATION
RESISTANCE

(BLOWS P€R FOOT)
10 30 SO

.

I

-

•

.

REMARK!

-

BORING NO. MW-8
SHEET 1 OF 1



00001896

1 D A T E BEGAN 3-20-35

DATE FINISHED 3-20-85

GROUND SURFACE EL

-LEV

820.0

3-20-85

810.0

0.0

790.0

780.0

, , 7 2 . 3

DEPTH
(FEET)

" 5.0 "

-

".10.0 "

"15.0"

' 20.0 "

"25.0"
- —

& ••
- 30.0-

• —

" 35.0"
.

• 40.0"

* 45.0"
. -

- 50.0"

822.3

5AMP1C
TYPf

^C

^IC

**^u^^^
^V^

S<f^

2^

>K

X

^Ic^

>K

^$K

f

1

t
**» t

f f.«

V j

j$|

1

1

1

n

BORING NO. MW-9

N E

DESCRIPTION

DARX BROWN TO BLACK, VERY LOOSE,
SILT, TRACE CLAY AND FINE SAND,

'iMOIST r

LIGHT BROWN, VERY LOOSE, FINE
SAND, TRACE TO SOME CLAY AND
SILT, MOIST

. _ _ _ re A DPS rn _ _ _ _ _ _
LIGHT BROWN TO GRAY. SOFT SILTY,
PT iV TPAPF FTWP ^AWTl UFT 1 fl S *

BROWN, LOOSE, COARSE TO FINE,
SANDY GRAVEL, WET

GRADES TO
BROWN, MEDIUM DENSE, FINE TO
UFTITTTW C A WT\ TO A f V 1TTWP PT? A171TT

WET

BROWN, MEDIUM DENSE, FINE TO
COARSE SAND, TRACE FINE GRAVEL,
WET

BROWN, MEDIUM DENSE, MEDIUM TO

WET

BROWN, DENSE, MEDIUM TO COARSE
SAND, SOME FINE TO COARSE GRAVEL,
WET

BROWN, DENSE. MEDIUM TO COARSE
SAND, SOME FINE GRAVEL, WET

u
M

ml

sm

-rf-
gv

gv

sp

5V

SV

8V

sv

av

F I E L D ENGINEER
CHECKED BY D

T . M . JOHNSON
. BRUNNER

PENETRATION
RESISTANCE(BLOWS PW FOOT)

10 30 W

[

ji
f'

REMARKS

NO COLORATION
WITH ADDITION
OF DIPLENYL
CARBIZIDE
NO APPARENT
COLORATION
WITH ADDITION
OF DIPHENYL
CARBIZIDE
NO APPARENT
COLORATION
WITH ADDITION
OF DIPLENYL
CARBIZIDE
DROVE COBBLE
IN S-4
NO APPARENT
COLORATION
WITH ADDITION
OF DIPHENYL
CARBIZIDE

SLIGHT REDDISH
COLORATION
WITH ADDITION
OF DIPHENYL
CARBIZIDE

REDDISH
COLORATION
WITH ADDITION
OF DIPHENYL
CARBIZIDE

VERY SLIGHT
REDDISH
COLORATION
WITH ADDITION
OF DIPHENYL
CARBIZIDE

PROJECT NO. 846697 BOTTOM OF BORING
50.0'

BORING NO,MW-9 46>5 to 50.0'
SHEET 1 OF 1 WITHOUT SAMPLING

TO COMPLETE
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EL. 7878
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8
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t ——— BOTTOM OF 80«/N6
NOTES:
1. RISER PIPE IS 2 IN. 1.0. SCHEDULE 40 PVC

PIPE, THREADED, FLUSH. JOIN TED.
t SCREEN IS 2 IN I.D. PVC PIPE CONTINUOUS

8LOT SCREEN (0.010 IN. SLOT SIZE ).
3. LOWER END OF SCREEN IS CAPPED.
4. ELEVATION OF WATER LEVEL 818.3'
5. WATER LEVEL MEASURED ON 3-14-85.

* 19»4 IT CORPORATION
ALL COPYRIGHTS RESERVED

INSTALLATION DETAILS
MONITORING WELL MW-I

GNAOENHUTTEN, OHIO

PfltPAflEO f OR

ARCO CHEMICAL COMPANY
NEWTOWN SQUARE .PENNSYLVANIA

wJ^J . . . Creating a Saf«r Tomorrow
Do Not SCSI* Thu
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EXISTING
GROUND SUHFACE
EL. 931 t
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K
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BOTTOM OF BO* ING
NOTES'
I. RISER PIPE IS 2 IN. I.D. SCHEDULE 40 PVC

PIPE,THREADED,FLUSH.JOINTED.
Z.SCREEN IS 2 IN. 1.0. PVC PIPE CONTINUOUS

SLOT SCREEN ( O . O l O IN. SLOT SIZE ).
3.LOWER END OF SCREEN IS CAPPED.
4 ELEVATION OF WATER LEVEL BIT. 6*.
5-WATER, LEVEL MEASURED ON 4 -3 -83

19«4 IT CORPORATION
AI.L COPYRIGHTS RESERVED

INSTALLATION DETAILS
MONITORING WELL MW-3

GNADCNHUTTCN, OHIO

PREPARED FOP.

ARCO CHEMICAL COMWNY
NEWTOWN SQUARE, PENNSYLVANIA

Creating a Safer Tomorrow
Do Noi Sen* O'**i"g
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GROUND SURFACE
EL. 9333

If#^Ii iX1
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TIP EL. 782,3

BOTTOM OF BORINQ
NOTES=
I. RISER PIPE IS 2 IN. 1.0. SCHEDULE 40 PVC

PIPE, THREADED .FLUSH-JO IN TED.
2.SCREEN IS 2 IN. 1.0. PVC PIPE CONTINUOUS

SLOT SCREEN (0.010 IN. SLOT SIZE ).
3. LOWER END OF SCREEN IS CAPPED.
4 ELEVATION OF WATER LEVEL 613.8'
5 .WATER LEVEL MEASURED ON 4 - 4 - 8 5 .

INSTALLATION DETAILS
MONITORING WELL MW-3

G NAOENHUTTEN, OHIO

PREPARED FOR

ARCO CHEMICAL COMPANY
NEWTOWN SQUARE .PENNSYLVANIA

Si* 1934 IT CORPORATION
•I ALL COPVRlQHTS RESERVED

FTOU.LJ Creating a Safer Tomorrow
OO Not SOU* Th-i Qrtw.ng
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PROTECTIVE RISE* CASIHG

APP*OX/»UrE EXISTING
GROUND SURFACE

sorrow or BORING
NOTES:

1. RISER PIPE IS 2 IN. ID. SCHEDULE 40 PVC
PIPE, THREADED, FLUSH-JO IN TED.

2. SCREEN IS 2 IN I.D. PVC PIPE CONTINUOUS
SLOT SCREEN (O.Ol 0 IN. SLOT SIZE ).

3.LOWER END OF SCREEN IS CAPPED.
4. ELEVATION OF WATER LEVEL 811.7'
5. WATER LEVEL MEASURED ON 3-22-83

* ^984 IT CORPORATION
ALL COPYRIGHTS RESERVED

INSTALLATION DETAILS
MONITORING WELL MW-4

GNADENHUTTCN, OHIO
PREPARED FOR

ARCO CHEMICAL COMPANY
NEWTOWN SQUARE, PENNSYLVANIA

Creating a Sai*i Tomorrow
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Z. SCREEN IS 2 IN ID. PVC PIPE CONTINUOUS
SLOT SCREEN (Q.OtO IN. SLOT SIZE ).

3.LOWER END OF S C R E E N IS CAPPED.
4 ELEVATION OF WATER LEVEL 813. 1 '
5. WATER LEVEL MEASURED ON 4 - 8 - 8 3

' 1984 iT CORPORATION
ALL COPYRIGHTS RESERVED

INSTALLATION D E T A I L S
MONITORING WELLMW-5

GNADENHUTTEN, OHIO
PREPARED FOR

ARCO CHEMtCAL COMPANY
NEWTOWN SQUARE, PENNSYLVANIA

* ™ " . . Creating a Saf«r Tomorrow
Do Not Scai* Tn,i Drawing
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f 1984 IT CORPORATION
ALL COPYRIGHTS RESERVED

INSTALLATION DETAILS
MONITORING WELL MW-7

GNADCNHUTTEN, OHIO
PREPARED FOR

ARCO CHEM ICAL COMPANY
NEW TOWN SQUARE, PENNSYLVANIA

C^LJ . . . Creating a Sat«x Tomorrow
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' 1984 IT CORPORATION
ALL COPyR'GHTS RESERVED

INSTALLATION DETAILS
MONITORING WELLMW-8

GNAOCNHUTTEN, OHIO
PREPARED FOR

ARCO CHEMICAL COMPANY
NEW TOWN SQUARE, PENNSYLVANIA

* * ^ . . . Creating a Safer Tomorrow
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WATER WELL INVENTORY OP SURROUNDING AREA



TABLE C-l

WATER WELL INVENTORY, ARCO CHEMICAL COMPANY, CNADENHUTTEN, OHIO

1-MILE RADIUS(a)

RI REPT.
WELL NO.(

PW-1
PW-2
PW-3
PU-4
PU-5

WU-1
UW-2
UW-3
WW-4
UH-5

WW-6
WW-7
WW-8
WW-9
WW-10

WW-11
UU-12
WU-13
WW-14
WU-15

WW-16
WU-17
UU-18
UU-19
WW-20

BURGESS & NIPLE
WELL N O . ( b )

UW-19
WW-20
WU-21
WW-22
WW-23

WU-15

WU-17
WW-4

ODNR WELL
INVENTORY NO.(c )

UU-18

WU-16

WW-5
UU-12

WU-11
UU-13

31
31

28
27
29
30

30
30
32
33

3A

37
36
36

ODNR WELL
REPT. NO.(d)

-
133882
192486
432186
556533

492812
406669
650895
358126
206837

390483
A9A1A8
467411
332772
(15)

266676
350181
344039
2503AA
175A83

175A82
162333
523217
639273
370185

YEAR
DRILLED

1952
1956
1960
197A
1979

1976
1970
1985
1966
1959

1969
1975
1976
1966
19A5

1961
1966
1968
1960
1956

1956
1955
1977
198 A
1968

t

TOTAL
DEPTH (e)

80
80
101
1A3
159

53
65
53
102
A7.5

51
92
91
116
100

AO
330*
5A
A5
44

AA
AA
61
50
45

APPROXIMATE
SURFACE

ELEVATIONU )

840
8AO
8A5
8AO
835

840
845
845
830
830

835
835
835
845
845

845
845
840
655
855

855
850
850
8A5
845

STATIC WATER LEVEL

DEPTH(e)

23
15
30

23.5
23

24
-
35
25
12

20
17
9.5
32
30

28
-
35
34
29

29
29
35
30
24

ELEV.(g)

817
825
815
817
812

816
-
810
805
818

815
628
825
813
815

817
-
805
821
826

826
821
815O
81 5 O
821 O
O
i— A
CD
O



RI REPT.
WELL NO. (a )

WW-21
WU-22
WW-23
WW-24
WW-25

WW-26
WW-27
UW-28
UW-29
WU-30

WW-31
WW-32
WW-33
WW-34
WW-35

WW-36
WW-37
WW-38
WW-39
WW-40

BURGESS & NIPLE
WELL NO.(b)

WW-3
WU-2

WW-8
WW-7

WW-10
WW-9

WW-1

ODNR WELL
INVENTORY N O . ( c )

38
43
44
39
40

41
41
42

26

26

110
111
112

TABLE C-l
(Continued)

1-MILE RADIUS (Con t ' d )

ODNR WELL
REPT. NO.(d)

390241
644417
392390
500981
472301

490477
481816
306331
213215
213223

207244
207245
200230
200155
596837

471148
138374
321620
266658
478602

YEAR
DRILLED

1969
1984
1969
1977
1974

1977
1976
1964
1959
1960

1958
1958
1957
1957
1982

1974
1954
1965
1961
1974

TOTAL
DEPTH (e)

55
45,

150*
160*
157*

80*
148
178*
65*
83*

47
48
165*
120
145

i/-»*143
49,
130**
107*80

APPROXIMATE
SURFACE

ELEVATION*f)

STATIC WATER LEVEL

DEPTH(c) E L E V . ( g )

850
865
865
865
870

875
875
900
870
870

830
630
840
840
840

840
850
850
850
820

30
29
60
35
40

25
85
100
(31)
(28)

21
20
50
63
20

30
9
30
40
50

820
836
805
830
830

850
790
800
839
842

809
810
790
111
820

810
841
820
810
770

o
cr

CO
O
00



TABLE C-l
(Continued)

1.5-MILE RADIUS

RI KEPT.
WELL NO.(a)

WW-41
WW-42
WW-43
WW-44
WW-45

WW-46
WW-47
UU-48
WW-49
WW-50

WW-51
WW-52
WW-53
WW-54
WW-55

WW-56
WW-57

BURGESS & NIPLE
WELL NO.(b)

WW-6
WW-14

ODNR WELL
INVENTORY NO.(c)

113
1U
115
115
115

45
46
6

63
64
56
56
55

60
25

ODNR WELL
REPT. NO.(d)

385719
478627
266688
620886
280680

215997
361391
288847
268842
399292

365341
490498
266687
288265
523242

497630
330164

YEAR
DRILLED

1968
1974
1962
1983
1962

1958
1967
1965
1965
1970

1970
1978
1961
1962
1977

1975
1965

TOTAL
DEPTH(e)

89*
30
23
47
33

96*
67

260
81

102

68

79

58

APPROXINATE
SURFACE

ELEVATION(f)

870
835
835
835
835

850
845
885
885

1,145

880
840
840
840
860

850
850

STATIC WATER LEVEL

DEPTH(e) ELEV.(g)

35
16
8
10
10

32
30
75
93
42

40
40
48
45
50

28

835
819
827
825
825

816
815
810
792

1,103

840
800
792
795
810

822

Footnotes

(a)Pigure C.I shows concentric 0.5-, 1.0-, and 1.5-mile radius circles around the ARCO site and well locations as identified
by the RI report Well NOB. The RI Report Well Nos. were assiged such that locations nearest the ARCO site generally have
lower numbers than the locations further from the site, and numbers generally increase in a clockwise sequence.
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TABLE C-l
(Continued)

Footnotes (Continued)

(b)Twenty-three water well logs were presented in Burgess and Niple, Ltd., 1984, "Hydrogeologic Study, ARCO Hetals Company,
Cnadenhutten, Ohio."

(c)Fortynine logs for water wells within 1.5 miles from the ARCO site were obtained from the Ohio Department of Natural
Resources (ODNR), Division of Water; a total of 59 logs were obtained from the ODNR for wells within two miles from the
site.

(d)The logs for wells drilled after 1952 have unique six-digit ODNR Well Report Nos. printed on the forms.
(e)Depth is reported as feet below the ground surface. Wells completed in bedrock—not in glacial valley fill — are

indicated by an asterisk (*) after the total depth value.

(f)Surface elevations, in feet above mean sea level (MSL), were estimated from the U.S. Geological Survey 7.5-minute series
Cnadenhutten and New Philadelphia, Ohio topographic maps (Figure 1.1).

(g)Static water level elevations, in feet above MSL, were estimated from the difference between the static water depth and the
approximate surface elevation. Because the dates of measurement vary, these data should not be compared critically.
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BORING LOGS OF WATER WELLS IN SURROUNDING AREA
OF THE ARCO GNADENHUTTEN, OHIO SITE



Well Log WW-19

Well 1

• Drillers Well Logi
I Owner - Arco Metals Company/Alsco

Drilled - 1952

I Location - South side of Building

. Well Diameter - 10 inches

' Static Water Level - 23 feet

I Test Pumping Rate -

Drawdown -

• Formation
k 0-80 feet Sand and gravel

Well Driller - Ohio Drilling Companyi
i
i
i
i
F
I
I



\VU. LOG AND DRIL-
State of Oh-

DEPARTMENT OF NATURA
Division of Wit:

Columbus, Ohio

'T

0000191
_

*&I- Township ._ ..or :•
Toimsbip
.3«r ___ _

N? 133SS2
Wel l 2

Owner Address _-!...."_.••?» ^T.

Location of property.

CONSTRUCTION DETAILS PUMPING TEST

i
i
i
i

Casing diameter ——LtL——Length of easing._
Type of screenJ?TJJr-^.-fi—Length of screen.—*i«L.

Type of pump————————.—--—————————————
Capacity of pump————————.—————————————
Depth of pump setting————.———————————————

Pumping rate
Drawdown

.—G.P.M. Duration of. test—£.

.————ft. Date-
rs

Static level—depth to water_,
by.———————Pump i

-** * - . -

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay

i
\
\
i
i

From To Locate in reference to numbered
State Highways, St. Intersections, County roads, etc.

See revsrse side for instructions

"'**



Owner

Location of

, LOG .-,:-:D ^
S:ate or Ohio

DEPARTMENT C? NATURAL RE^.^.C
Division of Water
1500 Dublin Rod
Columbus, Ohio

—Section of Township.

Address

PUJ-2>

... 0000191!
No. 1S£486
Wel l 3

. .

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter —/!£«——Length of casing.—
iType of of £.£.
Type of pump.——

I Capacity of pump.——
•Depth of pump setting.

.Date of completion——

Pumping ratej&^?__G.P.M. Duration of te«t.....£___hrs.
raw down—_j2.,jl£.._ft. Date.

Developed capacity..^

Static level—depth to wattr..-Ju£.M
Pump installed b

-—..._..ft.

WELL LOG SKETCH SHOWING LOCATION

1 Formations
ditone, shale, limestone,

gravel and clay
From To Locate in reference to numbered

State Highways, St. Intersections, County roads, etc.

0 Fwt N.
/O

Strict
£5*

(,£> W.

\
s.

Se« reverse side for instructions

1
1

Drilling Firm

Address



NO CARBON PAPER
NECESSARY—
-•TRANSCRIBING

'. LOG AND DRILLING RF~ORT
Sut* of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Warn

65 S. Front St̂  Rzn. 815 Phont (614) 469-2646
Columbiu, Ohio 43215

Townihlp -Sactlon of Townabip.

Location of

Addrau

CONSTRUCTION DETAILS BAILING OR PUMPING TX&T
(Specify on* by eircliat)

Typo of pump.
Capacity of pump.
Depth of pump letting
Data of completion.

of tcrtea.
Static level-depth to w*tcr.
Quality (clear, cloudy* tote, odor).

Pump Inatafled

WELL LOO* SKETCH SHOWING LOCATION

Fonnatloas
tditone, ibal«, Umettone,

end clay

JfijijsT/?/l/>

i/u/o * 6/tAur/

Frooi

0 Fwt

-79
93
/OO

131

To Locatt in raftrene* to nuznbercd
State HJghwiyt, St. Intenectiona, County road*, ate.

/a

7f

/CO

ill
/J7

Drilllng Firm

Addresa

Data

Signed

*I£ additional space ia needed to complete well log, use next consecutive numbered form.



County Pirmit Ho.

NO CARBON PAPER
NECCSSARY-

LOC AND DRILLING REr..
SUU of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Water
Founuin Square

Columbui, Ohio 43224

COUNTY. -32'ate*****: TOWNSHIP. l*/*hi«*e7f .SECTION Of TOWNSHIP.

CONSTRUCTION DETAILS •AILINGOFCPUMPINQ'TEST

ising

pa of scraan

pa of pump

of gpm Duration of Mt , hr«

Static I aval (dapth to

Quality Ida*

of

iia

WELL LOG* SKETCH SHOWING LOCATION

Format ioot: undvton*. thai*.
lim««ton«, 9rav«l. clvy From To

Loot* in r*f«r«no* to numb«r«d
>U1« highway*. nr*«i inttrMction». county roads, «tc.

Oft N
to

£<3^,f/+ *S*4 ISt, f

OO W

if additional t0ac« is r>«*dad to compt«ii w*ll log. us* naxt con»acuttv« numbarod form.



1
J 0HUCD

OIILLCO ST.

THE OHIO DRILLING
•^•w^VQ]vT%4

i, OHIO

A l a c o A n n a c o n d a — = — n n i d e n h u t t g n

C l a r e n c e G a r d n e r

00001918
Well 5

MOU _1 - V*

Teat Hoi.

N o v e m b e r 16 p> 79

LOCATION.

TIXIICBI *f fTUfA

31

7'
10'
101

101

81

81

6'
7'
6'
7'
7'
6'
7*
71

6' I
6*
5'
T1

«'
«*
61

71

•Tl*t4

A a h . C lav ft Fill
Sandy Clav ft S tonea
R a n d , fira.zn1 t H l a y —————
Sand, Gravel ft Clay
Sand. Gravel ft Little Clav
Sand ft Gravel
Sand ft Gravel
Sand ft Gravel
Sand ft Gravel
Sand ft Gravel
Sand ft Gr»vftJ ———— ———————
Sand ft GrivftJ —————————————
Sand ft Gravel ——————————
Sand ft Gravel
Sand. Gravel ft Little Clav

i Bind. Qrivel ft Little CUT
gaud ft r.rival ———— , ————————
gaud ft f lraTftl ————————————
Sand f nravel ————— \ ——————
gaud ft OrtYtl —————————

1 Sand. Gravel t Litt le CUT.
Sand. Gravel ft Little Clav
Sand. Son* f l rmva l ft CUT —

•

•VMfc I^^W

3'
10'
90*
30*

4P 1

48*
B « '
82'
89*
75'
82'
89*
95*

102'
109*
US'
1«l t
127'
19At

140'

J48'

1B2'

_. 1B8'

»-

•Ur» •*!• MM tWMI

-

•

J t3 l

1
1
1
I
I
1
1
I
I
I

I
1



SILVK ANALYSIS

01

STIIATA S \MPLKS 1 KOM NO. 1 - 3" TEST HOI.L
AUSCO AHACGMIA

GNAUENll inTEN. OHIO

Percentage Per cm l*ft Percentage Percent age Pt rtenlage

SU*I

102'

10'J'

115'

121'

127'

134'

Mil-

US'

of
•

- 109'

- 116'

- 121'

- 127'

- 134'

- 140'

-146'

- 152'

Retained
.131 Slot

25%

41%

20%

26'.}

29%

427,.

37;

28*9

HrUinrJ
.097 Slot

7%

8%

fi%

0%

6%

101

n%
s%

Retained
.0711 Slot

3%

4%

6%

•«%

:»%

6%

5%

6%

RrUUu-d
.060 Slot

3%

4%

5%

3%

G%

6%

n
t%

Rrtainrd
.0.190 Slot

6%

8%

17%

13%

m
12%

13%

12%

Retained
.0203 Slot

10%

13%

26%

I3?o

Ittfo

12%

I2fc

JS%

Retained
.0116 Sl.'i

20%

11%

10%

11%

o%
5*

<>%

10%

Ketatficd

.OMI Slot

16%

5%

3%

b%

&%

3%

2%

7%

Pr rt cntage

10%

ti7o

7%

H%

e%
4%

BTO
8%

O
o
o
CO
h*
CD



00001920

THE OHIO DRILLING COMPANY

A l s c o - A n u c o n d a , I n c .
G n a d e n h u t t e r . , O h i o

MASSILUON . OHIO

ol! \ 'o. rj
(Drilled :U test hole "1 - 1979)

0*00*0

CASING 26" dimeter, 3/8" w-I l .
teel pipe wtth banded & welded joint?.

OEVELOPMENT Swnbbtfd & bailed, treated with
phosphates & chlorine, pumped & back-
washed.

CAPACITY luOO gpm with 6 feet of Urawctoun.

INNER CASINO 16" diameter, 3/6" \ \ i U
pipe, bull welded.

DRIVE SHOE 1/2 x 5" steel Sho«.

PACK R o r m l t - d s i l i c a
fsea lp lngs) from K.W. >i-lU'\ f i - .

SCREEN C!iio D r i l l i n g Co. Type It
SU-i-'., .LW - : u t - .

O R i L L E C ar

C O M P L E T E D :
!U".ihm

Static water level = 73 ft.



PU-5
00001921

THE OHIO DRILLING COMPANY
MASSILLON, OHIO

iMTALLCD AT : Well No. 5

:!, fnc,
, OMo

1

30.

«

70

4 ft.

•

0.

10 I

^ s

rt.
•

L
i

i •
,

4 ft.
.

i
»

1

• *

^ ———————— „

•
•

r ———

"
mt

m

^

1 .̂i i I I

MOTO» 1UU HP, 1800 rpm, 220/460 vo!'..
with non-rcvtrsn ratchet.

OlICHAMQC ASICMtLT 8x8x16-1/2
bead

COLUMN ^" threaded & coupled

3HAFT 1-1/2" wattr lubricated

12MB, cur-.e

MTtO 1000 OP-M AT L"JO ft TON



NO CARBON PAPER
NECCSSAP.Y-

WEr LOG AND DRILLING
State of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Geolofical Survey

Fount tin Square
Columbus, Ohio 43224 Phone (614) 466-5344

492812
00001922

COUNTY.

OWN KM:

TUSCARAWAS

JAMES EGLER
TOWNSHIP. CLAY •BCTION OP TOWNSHIP

. OK LOT HUM SB*

LOCATION OP PP.OPKKTY.

AOOP.BM BOX 291 CNADPmUTTEN, OHIO

:FT TURN IN AT GREEN ACRES BAR

CONSTRUCTION DETAILS •AILING OR PUMPING TEST
{•••city en* by circim«i

i diamatar of casing. 55' T*st rata

Typ« of scrMn PERFORATED Langth of scr**n ———

TYP* of PT MYERS——SITB——1/3 h«pi
12.

Static lav»l (d*pth to wrar).

gpm Duration

_ ft One,

.hr»

5-3-76

of gala

Depth of pump catting
tt1 47

.odor) ain Hard
7.5 PH 1.5 PPM IRON

Data of
5-10-76 STOritlfST CO.

WELL LOG* SKETCH SHOWING LOCATION

Focmationi: s«nd«ton«. thai*.
limctiona. Qravvl. clay From To

Locat* in r«f«r*nca to numtw«j
•tat* highw«v», «tr**t int*r«*ctiona. county ro*d». *tc.

H) & GRAVEL Oft 53 N

DMII.UNO >t«* STOCKERT DRILLING CO.
STRASBURG, OHIO

. MAY 17. 1976
SIGNED

*!f additional spaci is n**d«d to complata well log. us* n*xi consacutiva numb*r«d form.



NO CARBON PAPER
NKCESSARY—

S°" F-TRANSCRIBINO

. _ ^_ Tusc»

LOG AND DRILLING
State of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Water

65 S. Front Su Rm. 815 Phone (614) 469*2646
Columbus, Ohio 43215

OUOOLU.

No. 406669
00001923

Townehlp. .Section of Township.

Owner Gary Heed Address R« 3* 2* Uhrichavllle

ox .

CONSTRUCTION DETAILS BAILING OR PUMPING TEST
(Sp*cif? MM by circling)

2uing diameter ^
fype of screen————
Pype of pnmp—————
Zapadty of pump —^
Depth of pomp setting.

^far67'5"
length of screen.

Test Rate.
Drmwdowa

-£Q——O.P.M. Duration of test.

Static level-depth to water.

completion. Puiiip installed oy.

WELL LOO* SKETCH SHOWING LOCATION

Forattiou
Sandatono, ihaltt limestone,

cnr«I and clay

4 Gravel

From

OPMt

To Locate in reference to numbered
State Highway* St. Intersection*. County roada, etc.

65 Ft N.

W.

Finn . Waltz Drilling Dgte September 22, 1970

Addreaa E.D* 1, Strasburg, U4660 Sirned

*If additional space is needed to complete well log, use next consecutive numbered form.



NO CARSON PAPER
NCCESSARY-

L PERMIT 39*66
ISTRATION NUMBER 31

TUSCARAWAS

WE . LOG AND DRILLING LU..ORT
Suta of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Watar
Fountain Squart

Columbus, Ohio 43224

'^'09001924
650895

SOCfiK CLAY .SKCTION OP TOWNfHIP.

STOCKER SAND AND GRAVEL AnnamBOX 176 - GNADENmJTTEN, OHIO

LOCATION OP
NORTH WALNUT STREET EXTENSION .GNADENHUTTEN, OHIO

CONSTRUCTION DETAILS Oil PUMPINQ TEST
nwrertv

Caaing diamatar

Typa of acraan _

, Langth of eating,

Langth of acraan

Tact rata Qpffl Duration of taat
* i
'

Orawdoom 9-16-85

»

of 10 G.P.M.

of 9-16-85 JENEI DRILLING CO., INC.

,hr*

WELL LOG* SKETCH SHOWING LOCATION

Fonntiiont: undmton*. thai*,
l, cl«y From To Local* in r»f«r«nca to nunto*r«d

•u» highways, Btraat intafMCtions. county roads, ate.

AND GRAVEL on 53 ft

made water at <iO f

OHILLING FIMM.
JENEI DRILLING1CO., INC.
ROUTE # 1P, 0. BOX 67
STRASSUHG, OHIO ^̂ 660

9-16-85

•if additional apaca ia naadad to comqiata wall IOQ. uaa nan conaacutiva numbarad form.

f\ t
\SA.UJjL

ORIGINAL COPY -ODNR,DIVISION OF WATER, FOUNTAIN SQ.,COLS.,OHIO 43224



LEASE USE PENCIL
OR TYPEWRITER

O NOT USE INS. |

WEU- LOG AND ORlUtmw ivtiy v,
State of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Water

1542 W. Fltlt Avenue
i. Ohio 43212

Section of Township.

N9 358126

Owner Address

Location of property.

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Using diameter
Type of

Pumping
Date

Duration of test..̂ L?._lirs.
Q T

Type of pump
Capacity of pump

Static level-depth to water. Jt.

Quality (clear, cloudy, taste, odor)

Depth of pump setting.——
E— 5 ̂  ^——**—.s Pump installed

WELL LOG* SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

pavel and clay___
From

0 Feet

filing Firm „..

Address .,

To Locate in reference to numbered
State Highways, St. Intersections, County roads, etc.

- 0.

See reverse side for Instructions

Date

Signed

*Lf additional space is needed to complete well log, use next consecutive numbered form.



WEJ LOG AND
State of Ohio

D E P A R T M E N T OF NATURAL
Division of Water
1500 Dublin Road
Columbia, Ohio

Well Lc-: ..,-;

No. 206837

Scctiar. ::" 7 ;wnship

Location of property

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

basing diameter
Type of

igth of casing,

of screen.

Type of pump——.
Capacity of pump..—————._
D«pth of pump setting.———.

Date of completion——————

Developed
Static level—depth to water-
Pump Installed by.———........

.ft.

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay____

i
i
i
I
i

From

0 Feet

To Locate in reference to numbered
State Highways, St. Intersections, County roads, etc.

Ft. N.

w.

-- '- .' >

S*e reverse side for Instructions



wr'. AND DRILLING Rf~ORT

NO CARBON PAPER
NECESSARY*

- - P-TRANSCRIBINO

County7 ™ ;/

Owner <^£^=i

Location of

State of Ohio
DEPARTMENT OF NATURAL RESOURCES u* QQnACL^ ^r-< ~ -.

Division of Water M°' 3 9 ° t&) 0 19 2 7
65 S. Front St, Rm, 815 Phone (614) 469-2646

Columbus, Ohio 43215

Section of Township,

CONSTRUCTION DETAILS

Casing d

Type of

Type of
Capacity

Depth oi

Date of

..,«« x£2fl*/ v«i
th of casinj r «3 <r

S 5? **/

ptimp *S "3,,-x -̂̂ X-. -*•** O ~£TUUJ|r. ._.. —— _ _ . . —— . -^•ir I— ̂ -T —— _T —— . __. ————

Ml J*l*UtJf 1. ————— , ———————— Z t__ ——— _«-_!_.. __ ————— _ ———— ————————————

pump setting —— *%/" *<! ——————————————

" • r

WELL LOG*

Formations
?-ndstone, shale, limestone,

/ (ravel and clayt**^*^.

————————————————————

———— .

From

0 Ftat

——————

——————

. —————

To

Ft.

—————

—————

————— .

BAILING OK PUMPING TEST
(Specify one by dreliac)

/«r^^ * » * * * . ' j

Static ler«tl-<1epth to water. ——— /.£-. —— -_ ————— ft.
Quality (clear, cloudy, taste, odor) — g"Mg^ —————— -.

Cî 2^ *-

Pump InstaJIfHl by ̂ !r^ 'Jf.';>./ 2u.-.' ' /"' u

SKETCH SHOWING LOCATION

Locate In reference to numbered
State Highways, St. Intersections, County roads, «tc.

N.

r< --*1"" -'^^

S.

Finn Date -£ 9
Address Signed

*If additional apace is needed to complete well log, use next consecutive numbered form



NO C*«BON PAPE*

NECESSARY.

'.F-TRANSCRIBING

TTICr ADAUACTUSCARAWAS

LOG AND DRILLING
State of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Geological Survey

Fountain Square
Columbus. Ohio 43224 Pbone (614) 466-5344

6>r- SKCTION OF TOWNSHIP*
——————. Oft L.OT NUMBER

ORIGINAL

000192!
494148

STOCKER SAND & GRAVEL CO, AODMBSS, CNADENHUTTEN, OHIO

PftOPKHTY, OFF OF RT.36 L MILE EAST OF GNADENHITTTEN, OHIO

CONSTRUCTION DETAILS BAILING OR PUMPING TEST
l«0«eifv on* kv

8 1<* *• Taet rate, 10" gptn .hre
6" CONE acraen 10x15 12-9-75
FAIRBANK MORSE TURBIN 40 h.p.
10M7000 450

of setting

FEB. 29-76 STOCKERT DRILLING CO.

WELL LOG* SKETCH SHOWING LOCATION

Fomutiont: undstorw, th«l«.
. Qrav«i.

.JWN SAND & MUD
BROWN CLEAN GRAVEL
VERY SHALL GRAVEL

From

Oft

70

To
Locate in rvfaranoa to numbered

•tat* highway*, aveet interaectiona. county roads, etc.

70 N

92

DftiuuNo ••••*» STOCKERT DRILLING" CCflU^ BAT. MARCH 31t 1976
STRASBURG, OHIO,- •. • 'r.-'

^ ' ; - . • . " • • '

'if additional »p«c» is rwadad to comol«tB w*\\ log, use next cons«cutiv« numbarad form.



NO CARBON PAPER

NECESSARY-

SEUF-TRANSCMtBING

~, LOC AND DRILLING
Statt of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Geoloficaj Survey

Fountain Square
Columbus, Ohio 43224 Phone (614) 466-5344

TOWN JH | e>.
SECTION OF TOWNSHIP

OP. LOT NUMBER

LOCATION **• Saxr1 g4if-7*W/&«wf fl*it - 3oo' ,So*M s* J*
CONSTRUCTION DETAILS •AILING OR PUMPING TEST

asing diameter O*Q^

< pe Of Screen

.p. of pump

, Length of casing.

, Length of screen,

Ten '«*»

Drawdown

gpm

»

Static l«v«l (depth to wvtar).

Duration of teat,

Date.

apacrty of pump. Quality (clear, cloudy, taste, odor).

eptft of pump setting

ate of completion .̂ Pump installed by.

WELL LOG* SKETCH SHOWING LOCATION

Formations: sandstone, shale,
limestone, gravel, clay From To Locate in reference to numbered

state highways, street intersection*, county road*, etc.

O f t

L....1_INC FIRM

ADDRCSS_jLZ_2_

DATE

$ I ONBO

v: vv. .

*tf additional space is needed to complete well log. use next consecutive numbered form.



PLEASE USE PENCIL
OR TYPEWRITER

' ̂ ~ NOT USE nreTl

Owner

WEL1- LOG AND DRILLING REPORT
V (

State of Ohio
DEPARTMENT OF NATURAL RESOURCES

Division of Water
1562 W. First Avenue

Columbus, Ohio 43212

Section of Township.

•A/A. <d JVJL/A

Location of property. r-

CONSTRUCTION

Casing diameter /&" __. L«n|
m t &*J***f\i JptS"Type ox yg* **'nf"v^tffA^ l f-* — Le&i

' 4U- '/ ' 1Type of pump /-tsAufW.?-
Capacity of pump ,. ..£>£M — C

Pste of completion.. .,. _v Vr^ if'*** s

WELL LO

Formations
Sandstone, shale, limestone,

(ravel and clay

s^f^r
S+Jj\f*jJ^ '^'^'X. *v— «>W

g-^ î ̂ -J^f_

,-*&&C*^*£fat£l^$A£*4rf*-.

.^£V.-^-rwjwC..^4^*-*W.._. ...

DETAILS
pth of casinj
th of screet

4jf*£
G*

From

0 Feet

3"
•3^

^ d

&"$

C £f£ _/*

« &6

To

^Ft.

^

?*'

80'
M£'

BAILING OR PUMPING TEST

Tiimpinr Pv-?1?^ f iPM Tlur«»tft« «f tMt _^ hr».
Drawdown .1^32. ft. Date.. \).U.Ljf~J^, ..-.,-..
Static level-depth to water . . .*2..<2*- ——— .__,_.._._ft.
Quality (clear, cloudy, taste, odor) — £.hU£AJl —————

t

Pump installed by..î ' vft.-.lM.AAv, ^ficy/A^^)P..CV, -._• - ^

SKETCH SHOWING LOCATION

Locate in reference to numbered
State Highways, St. Intersections, County roads* etc.

N.

(^tfhyo.
W. E.

S.
fi*« reverm* ilde far tmtructiona

-J rill ing Firm

Address

Date ...^=/.
\*

Signed .

*If additional space is needed to complete well log, use next consecutive numbereoTorm



I."-

I •

OHIO WATER SUPPLY BOARD

Co.
Well LocillonSQO

w3 SM.
Sl»

boUB t..loc*.tftA. in

Well Head Eltv. or M. P.
Kiev, ol Ground M WlU_

I'uiupliic Tcttt

Static L«v«I
Norm*l(

Qu l̂«>- u«.
^Xaequicr of •apply

/+W X /

STRATA

Burfaoa
Sand and graval
Or*T«l and *aad

. >

_ _ _ .. • - - ~ •

t•i
i

i

• *

DIPTII
riMi

0
6

70

*

T«

6
70

100

- •

%



PLEASE USE PENCIL
OR TYPEWRITER.
DO NOT USE INK.

WELL LOG AND DRILUNG REPORT
\ State of Ohio (

DEPARTMENT OP NATURAL RESOURCES
Division of Water

1562 W. First Avenue
>lumbus, Ohio

Wui-ltOOft£l832
No. 266676

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter —
Type of
Type of

Capacity of pump......——
Depth of pump setting.....

Date of completion..........

of casing. xl
Length of screen —— .«.

Pumping rate..</A»..G.P.M. Duration of test....r4r.....hrs,

Drawdown_-..__£__ft.
Developed capacity.—.._.._
Static level—depth to
Pump installed by..—.

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay ^
From To Locate in reference to numbered

State Highway*, St Intersections, County roads, etc.

0 Feet N.

W. E.

s.
See reverse side for instructions

Drilling Firm

Address ._

Date

Signed

<J &>



PLEASE USE PENCIL
I OR TYPEWRITER

" NOT USE

County./*ft* c f ^ »

WELL LOG AN: DRILLING R£?C?.T
£;-i cf Ohio

DEPARTMENT C7 IC.VTURAL RESOURCES
Div.:::z of Water

1562 W. First Arenas
Columbus, Ohio 43212

3501&I

«•*«,.& .Township. .Section of Township.

Location of property. -*

CONSTRUCTION DETAILS BAILING OR PUMPING TEST
i o ^
Casing disaster —C-—
jType of screen. >tf*g-

-Length of casing
Xength of screen.

.G.PJ<.
-ft.

o fp
iCapacity of pump———————
iDepth of pump setting—————
Data of completion—^" ~ ~~

Static level-depth to water————
Quality (clear, cloudy, taste, odor).

WELL LOO* SKETCH SHOWING LOCATION

Formatiocs
e*ad«tona, shale, limestone,

rarel and clay

r;
i

i
(

From To Locat* in rtftrtnea to numbertd
Sut* Highways, St. Inttrstetions, County roadt, «tc.

N.

. o

•

See reverse aide for Instructions

\ Drilling Firm •XlN

Signed

1 *Lf addition*! aptce U needed to complete well log. use next consecutive numbered form



PLEASE USB PENCIL
OR TYPEWRITER

NOT USB INK. |

WELJ-LOG AND DRILLING REPORT
' State of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Water

1562 W. Pint Avenue
Columbus, Ohio 43212

N° 344039

Township.

Owner GaJLvL.
.Section of Township.

Address

Location of property s*Clrt\*Z*^> -jr

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter
Type of screen..

-Length of casing_J5_fc_
-Learth of screen———— Drawdown.

.G.PJtf.
-ft. Date

Type of pump————————
Capacity of pump—————

Depth of pump setting.——

Date of completion———._.

Static level-depth to water—
Quality (clear, cloudy, taste, odor).

Pump installed by.

WELL LOG* SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay
From To Locate in reference to numbered

State Highways, St. Intersections, County roads, etc.

0 Feet N.

s.
side for Instructions

*If additional space is needed to complete well log. use nexf consecutive numbered form



^NC""— •1**~p

OR TYPEWRITZ.-..
NOT USE INK.

V/iLL LOG AND DRILLING RS.-'
State of Ohio

.ZFARTMENT OF N A T U R A L RESOU
Division of Water

1562 W. First Avenue
Columbus, Ohio

;000193!

- , - -
"6 ; : • . I ;

2 5 C 2 w
"

i-.l^..£->_/ — .... — ..—Stction of

. . .

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

TTP« of

7 k -^LLanth of
~**

•'/-*.
Length of *cr*exL

Pumping nt«..../.£_G.P.M. Duration of teit.~-rr.....hri.
DriwdowB. <? ft.

Type of pumpv

Capacity of pump.———
Depth of pump setting...
Date of completion..——

Dcvt loped capacity.™™—— _ .... __ .._...„.—.._.. _ ._. ___
Static level— dtpth to wattr...»2.C... ——— ... ..._._„—. ...—ft.
Pump Installed by. _ ™ __ . _ . ______ — __ ....̂ .._. ._._.„. _ .

/ - Sr 20 ________
WELL LOG SKETCH SHOWING LOCATION

Formations
idstone, shale, limestone,

graTel and clay____
From To Locate in reference to numbered

State Highways. St. Intersections, County roads, etc.

0 Feet N.

S.
See reverse side for instruction!

Date

Signed



Wt' ' LUU

DEPARTMENT OF NATURAL I
Division of Water
1500 Dublin Road
Columbus. Ohio

0001936
W e l l Leg wv;-l2
No. 175483

Section of Township _

Location of prop 3 9 -x£v~~'. x^^X^3.
CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Length of casing.
of

Capacity of pump.
eptb of pump setting.

Date of completion——

Pumping rate._X_£._G.P.M. Duration of
^Drawdown.___tf._ft.
Developed capacity..——....
Static level—depth to w«er..
Pump installed by™__-___.

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay____
From To Locate in reference to numbered

State Highways, St. Intersections. County roads, etc.

0 Feet N.

s.
See tevent «tde for iiutructioM

Drilling

Address

-^ 1 Date ...

Signed



DEPARTMEN"

No. 173432
;-.AL RESOURCE:

Section of Townshi

dd«M
^Z^~=r>-

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter —Z_—.-—Length of casing.»j£L£L....
-X ' '

Itf5^?f_—Length of screw

Capacity of pump——
jDepth of pump setting.
Date of completion——

Pumping rate...j^_^L.G.P.M. Duration of teit...j£..

ft.
.hn.

Developed capacity.. ——— ....„.

Static level — depth to water.
Pump installed by

. — ft.

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay
From To Locate in reference to numbered

State Highways, St. Intersections, County roads, etc.

0 Feet N.

II
I] s.

See reverse side for instructions



- ^_- _-- - — - - " - State of Ohio ' v/ JUl ' iy^
;_ - - - - - - - 2-pARTMENT OF NATURAL R E S O U R C E S W e l l Log . , . - ' ;

Division of Water — -* ^ «
IW^ 1 • C O *"*''• 'Columbus. Obio PI • J.O40C 1

[ % ^* ( ' < . . Section of Towr.ship

1 '"ir'.ft-SX ,j£.̂ -v~xJ..' O wntf _.— — i" i. — . -•"— ......

1 Location of property— £-A-;S-U- *-J-*

-,±^_N Arf/4^*tiei .y^ ^e^^ r- ^f ^^*'̂  — -*if *^^ -̂~< .^~ r* — ̂  r _-f

jt. Oc* *" 3^> '^ .v'-^ / : - • . . — —^

CONSTRUCTION DETAILS

L , ^ T^flrth Of c^inr ̂  /

Typt of pump ———————————————————————————

[ Capacity o£ pump ——————— - ——————————————
Depth of pump setting —————— , ——————————— - ———

1 WELL LOO

Formations
I S a n d s t o n t , shale, limestone,

gravel and clay

1

I

I

1

1
]

|

From

0 Fttt

To

——— Ft.

1 Addr«, <^>-^<^'«^^

t^^_ % LJ mttjx^IikLrt. *f PCT*

Pumping rmt*_ ._ G.P.M. Duration n* tMt . .JjM

Dnwiio»« ,,. O _, . ft P«t« ^~\~7r p- ^ * • ^_.*

Rf.tir Uv.I— J.pth ta w«t»r ——— _^-_^ — —— tf

-" - ' • — * T ^s

SKETCH SHOWING LOCATION

Locate in reference to numbered
Statt Higbwayi, St Intersections, County roads, ttc.

N.

(^AjUv

\ _ v
1 ] i-̂ .— * ,L V .^ \ . •_ . ̂ L-l̂ * -̂. —— .

Vr» -— — -* — —— "" "" "^ "" *••

f^ LOCATTED y

s.
Set reverse side for Instructions ———— _ — ^

Sicncd — ^mfc. — iw^ — ̂  -— i •••"



NO C*«BON
NECESSARY-

SELF'TRANSCftlBING

WEr LOG AND DRILLING
"*-^

Suta of Ohio
DEPARTMENT OF NATURAL RESOURCES

Division of Water
fountain Squart

Columbus, Ohio 43224

boui-18
523217

"193

/I
*̂̂ TOWNSHIP. (LA

OWNEM *t4J 7-.. .SECTION OP TOWNSHIP1.

AODMKSS,

LOCATION OP PPJOPKRTY.

CONSTRUCTION DETAILS PUMPING TEST
IM*CI(V on* bv eireimo)

'.a»ir»g diimatar.

yp« of acraan _

'vpa of pump —

,Langtt> of caaing.

, Langth of acraan

Taat rata,

Drawdown

gpm

_ ft

Duration of taat ,hra

Static laval (depth to watar).

9- 7-77

Capacity of pump, Quality (claar, cloudy, taata. odor).

)«Dth of pump aatting

]ata of complation__ 9-7-77 Pump inatallad by.

WELL LOG* SKETCH SHOWING LOCATION

Formattona: aandstona, ahali
limaatona, o/'val. clay From To Locata in rafaranca to numbarad

atata highway*, atraat imaraactiona. county roada. ate.

w

Mi

.ING

_ i •

**_ B J Su SK/st DATE ' 77
SIGNED L

*tf additional spaca is naadad to compiata wail log. uaa naxt consacutiva numbarvd form.



NO C*R«ON »APER
N^SSARV-

SCLF.THANSCRIBING

\. LOG AND DRILLING RT OUT
State of Ohio

DEPARTMTNT OF NATURAL RESOURCES 63

Columbu*. Ohio 43224

CONSTRUCTION DETAILS •AILING OR PUMPING TEST
(W*citv en* kv circling

of

pumpT£l
of pimp

Static lavvl (dapth to watar).

Quality (claar, cloudy, taata.

Dapth of pump aaning

Oat* of

WELL LOG* SKETCH SHOWING LOCATION

Formationa: aandatona. ahala.
lim««ton«. gravat. clay From To

Locata in r«f«r«noa to numbarad
atata highwaya. atraat imaraactiona. county roada,

x? . ••- c Oft N

•if additional apaca ia naadad to complata wall log. uaa naict conaacutivanumbarad form. /

ORIGINAL COPY -ODNR,DIVISION OF WATER, FOUNTAIN SQ.,COLS.,OHIO 4

'/ f \

(wS



•LEASE USB PENCIL
OR TYPEWRITER

NOT USB

c
Owner

State of Ohio
DEPARTMENT OF NATURAL RESOURCES

Division of Water
1562 W. Pint ATenue

Columbia, Ohio 43Z12

N?
00001941

'ownahip. .Section of Township_£j&

Location of property.

Address w/Jtf:z~~
CONSTRUCTION DETAILS BAILING OR PUMPING TEST

basing diameter
Type of screenU

.Length of
_Length of screen.

'-/*•• Pumping Rate
Drawdown__j2

Q.P.M. Duration of test..
ft. Date.-

, hrs.

fype of pump
Capacity of pnznp——
Depth of pump setting.
Date of completion——

Static level-depth to water
Quality (clear, cloudy, taste,

r ft.

Pump installed by.

WELL LOG* SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,
___gravel and clay___

From To Locate in reference to numbered
State Highways, St. Intersections, County roads, etc.

:̂ *-C 0 Feet Ft.

W.

See rerene side (or Instructions

'ing Firm

Address ..... ̂

Date j.-;?-*r
Signed

^
t^t&^*3->

*If additional space is needed to complete well log, uae next consectftive numbered



-'. LOG AND DRILLING RP'VKI OJW-2.1

NO CARBON PAPER
NECESSARY—

SELF-TRANSCRIBING

y Tusc*

Owner _———UlT.*.

State of Ohio
DEPARTMENT OF NATURAL RESOURCES

Division of Water
65 S. Front St., Rra, 815 Pbon* (614) 469-2646

Columbus, Ohio 43215

Township. C3J37 .Section of Township.

Address finadanhnttan ' QMr

Location of property

CONSTRUCTION DETAILS BAILING OX PUMPING TBST
(Specif? oae by circling)

Casing diameter —3—

Type of screen—————
Type of pump-—————
Capacity of pump.——

Depth of pump setting.
Date of completion——

.Length of casing.

.Length of screen.

56*7" Test Rate——IS
Drawdown.

.Q.P.M. Duration of test
——ft.

Ju*.

Static level-depth to water————
Quality (clear, cloudy, taste, odor).
8,0 PH 2.0 PPM Iron

30
18 grain he

Pump Installed by.

WELL LOG* SKETCH SHOWING LOCATION
Formations

Sandstone, shale, limestone,
gravel and clay

From To Locate in reference to numbered
State Highways, St. Intersections, County roads, «te.

'.jjrayejL 0 Feet .-32 N.

JL?_'_

JifiJ.
JtOJ
JtfiJ

W. E.

^

ing Firm

Address ___

Stockert Drilling Co.
R» D. # 1 Strasburgf

May 1969

Walter A* Stodcert

*If additional apace is needed to complete well log, use next consecutive numbered form.



NO CARBON
NECESSARY-.

SCLF.TRANSCRIBING

'. LOG AND DRILLING
SUt* of Ohio

DEPARTMENT OF NATURAL RESOURCtS
Oivuion of Water
fountain Squar*

Columbus. Ohio 43224

019 4 3

Tiiaaj-a.vaa TOWN »MI *

OWN KM

_________ SECTION OF TOWNSHIP.

ADDRESS 36Z S. Vatmi+. St... ( flM

UOCATION OF F^OFBHTY. S.. WalnutSt,. Gnadanhuttan. Ohio

CONSTRUCTION DETAILS,

Cypa of purnp —— Sl]b. —————————————————————————————— ___

. 10 GPM

3apth of puniQ aamng . — *Q^ — ___ ___ ————— . ———— — — _ _.-

WELL LOG*

Formations; tandaiona. ahala.
limaatona. graval. clay

T- 'ill and silt

Sand ( Gravel

From

Of t

10

25

To.

10 *

25

45

•AILING OR PUMPING TEST

T & 1 . . « 1 T 1 Q Q S

Stlt'C '*-tf (̂ p* W>»*«*')_fc, . 29,, "

Quality jetMf. ela^*y. t»>ta. ariaf^ ̂ l̂ aT 10 Grain H«.r(l

7.^ PH .S PPM TTOW

P.̂ îrv.t.11^^ St.nrlr»T.+ Th-^Hn» r«

SKETCH SHOWING LOCATION

Locata in rafaranca to numbarad
vtata highwava. nraat intaraaetiona. cwmty roaxM, ate.

N

W **•<• E

/
S

LINO Stoekert Drilling Company 2-3

1425 N. Wooater AVe.. Straaburg. Q. SIQNKD
•if additional apaca ia naadad to compl*t« wall log. uaa nan conaacutiva numbarad fomv.

ORIGINAL COPY - ODNR, DIVISION OF WATER, FOUNTAIN SQ., COLS.,OHIO 43224



NO CARBON PAPER
NECESSARY—

SELF-TRANSCRIBING

State of Ohio
DEPARTMENT OF NATURAL RESOURCES

Division of Wtter
65 S. Front Su Rxn, 815 Phone (614) 469-2646

Columbus* Ohio 43215

flfa IP S Township

Owner

Location of

Section of Township

Address f§ '/ y

CONSTRUCTION DETAILS BAILING OR PUMPING TEST
(Specify one by drellnc)

Casing diameter
Type of screen—

.——Length of casing.
_Length of screen.

Test Rate. .M. Duration of
ft Date —— gP

Jirm,

Type of pump..
Capacity of pump-

Depth of pump setting.

Date of

Sutie lewd-depth to water————(
Quality (clear, cloudy, tuts, odor).

J£ Pump installed A/. J OP

WELL LOG* SKETCH SHOWIKQ LOCATION
Formations

Sandstone, shale, limestone,
gravel and clay____

From To Locate in reference to numbered
Stats Highways, St. Intersections, County roads, «te.

Uline Finn
*

Addrew

_ ..

A s A

n»te

^^^^
f rl ——T

*If additional space is needed to complete well log, use next consecutive numbered



NO CARBON PAPER
NtCESSARY-

SEL.F-TRANSCRI8ING

Stata of Ohio
DEPARTMENT OF NATURAL RESOURCES

Diviiion of Water
Fountain Squar*

Columbus, Ohio 43224

TTOCARJW1S GUY

J
•»«"-•• _ ,.

-OCATION OF

Ad HCAVILIN R«0»fr If QM AT^^fff I'M1* • OBIO

..A...TV THIRD BOUSE DOT 0? CORPORATION ON CO.RD. 1 10

CONSTRUCTION DETAILS

*of acraan__

pacity of pump_

Oth of pump satt

5 , Langttt af cutting H«

ng ——————————————————————————————

WELL LOG*

Formations: aandatona, ahala.
limaatona. graval. clay

SAND 4 (HUVEX,
SHALE

T.I ,-TTOHE

COAL

CUCT
aANDROCK

-

. ••

(.

From

Oft

100

112
114 ' 6"
115
121

7

• ' . i

To

loot
112

114 '6"

115
121
160

BAILING OR PUMPING TEST
t«o»eifv ««• bv citcimat

n —— ̂  115 .* rw. 4-26-77

Static 1tv»l (dapth to w«af( ^^ *•

Q-I.K, telM, ..-.̂  ̂ .̂  «w, 6 c-ain hard
7*5. FB .5 PPM IRON

P.M;nM.n^^

SKETCH SHOWING LOCATION

Locata in rafaranca to numbarad
atata highway*, atraat intarsactiona. county road*, ate.

N

W * E

S
MM iTiVCKKHT DRUUNQ CO, RAT* VAV 4. 1977

3TRASBORO. OEO ciAuarn Sjf.L^ ~&4* r*~£++X*S*jT s&*~ -

"if additional soaca is n««da<l to completa w«H log. u«a naxt cons*cutiva numb*r*d form. 13>



ft tk

MO CARBON
Stata of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Geological Sumy

Fountain Squant
Columbus, Ohio 43224 Phon* (614) 466-5344

47230

OWNER,

TUSCARAVAS

ROBERT ARTHUR
TOWNSHIP. CUY SECTION OF TOWNSHIP

. OR LOT NUMMPt

GNADENHUTTEN. OHIO

LOCATION OF CO. RD. 10 % MILE SOUTH OF GNADENHUTTEN, OHIO

CONSTRUCTION DETAILS •AILING OK PUMPING TEST

Casing

Typt of

.length of casing.

.Langth of acraan

85 Tact rata.

Ill
gpm

.ft

Duration of fast.

Typa of pump. Static laval idapth to watar).

Data 3-27-74
40

Capacity of pump, Quality (claar. cloudy, taata. odor). TEST 6
Oapth of pump aatting

Oata of complation.— Pump installad by.

.Kn

WELL LOG* SKETCH SHOWING LOCATION

Formations: sandatona. ahala,
limaatona. o/aval. clay Ffoni To Locata in mfaranoa to numbarad

•tata highwaya. atraat intaraaetiona. county roads, ate.

SAND & GRAVEL 65
Y BROWN MUD 65 74

IOAL 74 76
CLAY 76 80
DARK PLASTIC SHALE
LIMESTONc

93-96-
96!6"

COAL .96'6" 98
CLAY £98 110
GRAY SHALE 110 114
LIMESTONE 114 114*6"
COAL 114'6" 118
CLAY 118 157
SANDY SHALE SANDROCK'

1 MULING -.mi STOCKERT DRILLING CO.
STRASBURG, OHIO

DATE MAY 9t 1974

ADOHK3S.

"if additional spaca is naadad ID complata wall log. uaa naxt conaacutiva numbarad fom.



NO CARBON PAPER
NECESSARY-

SELF-TRANSCP.IVINQ

. LOG AND DRILLING R^ORT
St*tt of Ohio

DEPARTMENT OF NATURAL RESOURCES
Diviiion of G*olof icaj Survey

Fountain Square
Columbui. Ohio 43224 Phooa (614) 466-5344

OHfOlNAL

49047I 000194'

COUNTY

OWNKR

UC<LJ**
SECTION OP TOWNSHIP

OH LOT NUMBER

CONSTRUCTION DETAILS •AILING OR PUMPING TfST
(•pacify on* kv Circling)

"vpa of acraan,

Typa of pump _

of

Langth of acn

WELL LOG* SKETCH SNOWING LOCATION

Formations: undaton*. shala.
limMtona. graval. clay From To

Locat* in r«f*r«nc* to numb«r«d
•tat* highwaya. atraat mtaraactiona. county roads, ate.

Oft N
/r

/r / f
^*^ ^r j y ̂

/I • ' • 7 . 2

W

OATK,

SIGNED

*lf additional tpaca is n««d«d to complata wsll log. uaa naxt conaacutiv* numbarcd form.



NO CAHBON PAPER

NecessAHY-
SELF-TMANSCRIBING

COUN.X»-1

State of Ohio
DEPARTMENT OF NATURAL RESOURCES

Division of Geological Survey
Fountain Square

Columbus. Ohio 43224 Phone (614) 466-5344

SKCT1ON OP TOWNSHIP
Oft UOT NUMMM

LOCATION or eii*o«irrv

CONSTRUCTION DETAILS SAILING OR PUMPING TEST
on* •* Clrclin«t

X* ''•
*

(V* of screen

Af f'aBB^ifm

Length of screen

Tact / gpm Burnt ion of MM X

vp* of pump. (depth to we tar).

•-apecity of pump Quality

>«pth of pump aening

)ata of Pump

WELL LOG* SKETCH SHOWING LOCATION

Formation*: wndatona. shala.
limastorw. gravel, clay From To

Locate in rvferenoa to numbetad
state highway*, nreet interMctione. county roede. etc.

Oft

***£>. >»n -x*. y

7

N

.-? S3 6

/ 2 d>

LLIN<* OST .

f\

*lf additional tp»c» is n««d«d to complat* w«M log. ufta naxt consacutiv* numbarad form.



f»fi
t*̂ .-i

Suta of Ohio
PLEASE USE PENCIL DEPARTMENT OP NATURAL RESOURCES

OR TYPEWRITER Division of Water
DO NOT USE INK. IS62 W. First Avenue

Columbus 12, Ohio
949

t-&-&0r3*<?

CONSTRUCTION DETAILS

j£~. length of CMinf^y^..
____Length of screen—————

BAILING OR PUMPING TEST

Casing diameter _
Type of screen——————
Type of pump...—————

Capacity of pump...———

Depth of pump setting .̂..
of completion...—..

Pumping
Drawdown

. Duration of 7«-hrs.
ft.

Sutie level-depth to w
Quality (clear, cloudy, taite. odor).

.ft.

Pump

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay __
From To Locate in reference to numbered

State Highways, St Intersections, County roads, etc.

0 Feet

3* 4-
N.

ft-

96- w.

v s.
See reverse side for instructions



WE' * LCG. AND DRILLING
State of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Water
1500 Dublin Road
Columbus, Ohio

..ell Log

No. 213215

Owner _^?-^*W-< P- ̂  41'Jtw*-*^- AH Mr... /T^v»- -yi-,_ >£. xV- _ ^^>. . *
(/ * / ** *Location of property. — ̂ t-ra&AiZ—lz — ̂ s£.yn££.': — — _4f£~I—

CONSTRUCTION DETAILS

Cuing diameter —— £. ———— Len|
r^F^^ « ^t m^f^&n I tAfl 1

th of casing .._?_J3 ——
r*h ftf *f !••««

Type of pump. ——————————————————— - ———————

Depth of pump setting. —————————————————————
|Dste of completion ————————— . —————————————

' WELL LOG

1 Formationse*ndstone, shale, limestone,
gravel and clay

C*^1 *> /^^ ' ̂ ^ ._ ff _J ^t_ J— _ j^f^ ^^

I Lf J

fit'4 ff ^

I'y/ ''J~"'~/! /

I f / ., TV •* *€ ^ &~^*H * *

I
I
I
l
• Drilling Finn j£.4J3g«j^L.t

Address — f\f**.f ^**>-~ *-»~ **—T-m — - ^ -

From

0 Feet

To

—2— Ft.

•^ _ t s^y^.*^. ̂ <%_,^. a+.
JI""f^"

BAILING OR PUMPING TEST

Pumping rate ....,._ ..G.P.M. Duration of t^tt..._.. ...... hrs.
Dri '̂d'?1^^ ... ,,, ,. ft. Dst*,.. _.._.... , ,
Developed capacity..-.^? &.. fifcr . yCtl*flrr. <f£&.*Mwrm. ............ _

Static level — depth to wst*r .. ... ....._......_.......... . .......ft.
Pump installed br .. ....... ... ... . .- ..

— *? '

SKETCH SHOWING LOCATION

Locate in reference to numbered
State Highways, St. Intersections, County roads, etc.

N.
/IL/-^^/—

*,,l^**S*A*}

W. ^-^ E.

"s.
S«« reverie «lde for Instructions —— ——— •

jX^ »r ^T rf^ rfS^^ ^3^ ^^m

I
-

u«". — •*'V7tsy>r ^.-rZf^Z^

SlsrafZc!££&f£^?^£~****<^ —— — "^ ————



VVET '. LOG AND CHILLING RC
State c: Glv.o

DEPARTMENT OF NA7-T.AL RESOU'CZC
Division of Water
1500 Dublin Road
Columbus, Ohio

s /. Township—-.— T ĵ ,—.............Section of Township-_...

UJU)-30 e"==>"
0000195

• = • 1 L o g WW-2

No. 213223

Owner _—....-

Location of property -•ar—ytfjcf ^

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Caaing diameter
of screen—
of pump—

x* X«ngth of casing,

of screen.
Pumping rate. .G.P.M. Duration of

._ft Date...-..—........

Capacity of pump..———

Depth of pump setting...
Datt of completion——__

Developed capacity
Static level—depth to water
Pump installed by——————

..—.ft.

WELL LOG SKETCH SHOWING LOCATION

Formations
P -^ stone, shale, limestone,

and clay
From To Locate in reference to numbered

State Highways, St. Intersections, County roads, etc.

0 F«t -//.—Ft.

3-7
•Tl re

W.

L*

See reverse side for instructions

I Drilling Firm

Address _/J/

I



T f

DEPART:.:Z

County

Owntr ^

Township

. .J:D DRILLING p.c?c?~
i:a*.i of Ohio

7 3? NATURAL RESC'JRCZS
1. -:sion of Water
U'OO Dublin Road
Columbus, Ohio

..„..,————————Section

00001952
V.e" L:g WV.'-8

No. 207244

Location of property^-sa^T^

ddresa

^ *7tion. of Township™*£*..,/£.._....... _ .. __ ....

()^/X^Vt*\^^^:>^ -

k -̂si!̂
/ /

CONSTRUCTION-DETAILS BAILING OR PUMPING TEST

Casing diamtttr length of caaing.

]Type of screen_.̂ -£S££:t
Type of pump.CC."> t-V^'-G

gth of

) Capacity of pump——————
'Depth of pump setting.———.

•.Data of completion——————

Pumping rate..y^L.G.P.M. Duration of test..JZ??.....hrs.
Drawdown———^2———ft.
Developed capacity.————

Static level—depth to water.._*rSr./.._——___——.........._..ft.
.—. Pump installed by._—._____...__._._______...

WELL LOG SKETCH SHOWING LOCATION

Formation!
dstone, »hale, limestone,

ravel and clay
From To Locate in reference to numbered

State Highways. St. Intersections, County roads, etc.

6
0 Feet N.

\
w.

I
1
I
I See reveri or instructions

DriUinf K Date ~"



WEJ '..

Stat* o: Oh.a
DEPARTMENT OF N A T U R A L RESOURCES

Division of Wattr
1500 Dublin. Road
Columbus, Ohio/v£lip r^slLrLt*! _

207245

Section of Township ...."*-

CONSTRUCTION DETAJLS BAILING OR PUMPING TEST

Casing diameter ,—2T.

type of
Type of pump-/-

/*

mgth of scre*n__5L-.

Capacity of pump.———
Dtpth of pump setting...

of completion———

gth of casing._i_£_C—Pumping rate..̂ »5.L.G.P.M. Duration of test...4».
Drawdown._—A———ft. Date.Mr.JT/lM.
Developed capacity.—————™.——„...„....-.——
Static Uvel^-depth to water.—«?i.<Uf...—————

.Pump installed by——————————..—————-

.„„.hn,

..._ft

Date

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay____

i
i
i

i

From

0 Feet

To Locate in referenct to numbered
State Highways, St. Intersections, County roads, etc.

N.

W.

See reverse side for instructions

Drilling

Address

o . u _ j > s i



WE", LOG AND DRILLING REPQ?""
State of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Water
1500 Dublin Road
Columbus, Ohio

Section of Township

00001954well

NO. 2c;:;i

- Location of property.

• ynsj^^*^^ i i »*—•••- m mm^m—m+^^^——-~-^- »v — .,.*•_.«., • '•*-^_*v«Bv^H.«^**»^.^r*n£T*********»

£tJ^£>^^^
f" '

CONSTRUCTION DETAILS

Casing diameter
JType of screen—

Type of pump.—

.Length of casing.

.Length of screen.
Pumping rate. .G.P>M. Duration of te*t,......_...._.h«.

.ft.

Rapacity of pump———
bepth of pump setting...

''Date of completion-.——

Developed capacity.——
Static level—depth to water.
Pump installed by_-_____

-X* ^> G* f s ,C.—«»•*_ LS —i *r ,j ,r :

-ft.

WELL LOG SKETCH SHOWING LOCATION

1 Formations
ndstone, shale, limestone,

travel and clay

u
u
u
u
u
u
u
r
ii

sa*o*jyst**tJL*

From

0 Feet

/£"
/*£
w
7*'/*;
r^ft'

To Locate ia reference to numbered
State Highways, St. Intersections, County roads, etc.

N.

/^'
*&
7*'t
?*' w.
rr

s.
See reverse sid* for instructions

Drilling Firm

Address Signed



Wcjv LOG A:-D DRI I :.ING R
£;-e of Ohio

DEPARTMENT Or NATURAL REC
Division of Water
1500 Dublin Road
Columbus, Ohio

00001955
Well Log v;.;-9

No. 200155

Owner

Location of property

~———.Stction of Township________._______

&&t«J&,^.:..j{^4f.^.-&^<2&.

CONSTRUCTION DETAILS

Casing diamtttr —x-
Typt of icrttn—————

of

of cuing.

.Length of tcreta.
Pump in r ratt..————G.P.M. Duration of tt»t~—.__hrs.

^7 * « /1-6-^fITa.__/,__ft, Patt,̂ <ffL._..TiP.... i& ,ao

^Capacity of pump——
'Dtpth of pump settanj.
;D«tt of completion——

—— Staticic !•»« 1—dtpth to wattr..
Pump installed by ,T~T .. i

.6--?- ..... — ft.

WELL LOO SKETCH SHOWING LOCATION

Formations
ditone, shale, limestone.

gravel and clay____
From To Locatt ia riftrcnct to aumbtrtd

Statt Hitbways, St. Inters tctions. County roads, ttc.

0 Ft*t N.

/**'

o
!
I
I
I
I
i

I Drilliac Fi

- /c

s.
Stc revtrit tide for JBitmctioiu

'

I Addreu



NO CAHION
NCCCSSARY*

SELF-THANSCMIVING

WEH LOC AND DRILLING
SUte of Ohio

DEPARTMENT OF NATURAL RESOURCES
Divuion of Water
Fountain Squart

Columbut, Ohio 43224

59680(7001956

TOWNSHIP). , SECTION OP TOWNSHIP.

OWN IP. ADDRESS,

UOCATION OP

CONSTRUCTION DETAILS AILIHGOR •UMPINC TEST

sing

* of »craaf>

.Langth of caaing.

Langth of acraan,

Taat rat*. gpm

Drawdown

pa of pomp. Static laval (depth to watart.

Duration of tMt,

rw. /-*

pacify of pump. Quality (claar, cloudy. taat». odor).

ipth of pump aafting

ita of complation__ Pump inatallad by.

WELL LOO* SKETCH SHOWING LOCATION

Fonnation*: Mndston*. »h»l»,
lim«»tcx>«, Qrav*l, etvy FfOITI To

Locata in rafaranca to numbarad
•tata high«vaya. straat intaraactiona, cotmty roada. ate.

Oft N

UNG DATE

* *
*lf additional soaca IB n«»dad to complata wall log* uaa naxt conaacutiv* numbarad form.

ORIGINAL COPY-OONR, DIVISION OF WATER, FOUNTAIN SQ., COLS.,OHIO 43224



Wtf

NO CARBON PAPER
NECCSSABY-

* ^ .
State of Ohio f 3 1 I

DEPARTMENT OF NATURAL RESOURCES 471148 ^ _ '
Division of Geoloiical Survey r f, t n . r* r- t-»

Fountain Squart U 0 U U 1 9 5 7
Columbus, Ohio 43224 Phone (614) 466-5344

MOTION OP TOWNSHIP
Oft LOT NUMBER

LOCATION OF F*OPMTY

•AILINGDR PUMPING TESTCONSTRUCTION DETAILS

i>a of scraan

pa of pump-

of caaing

of acraan

Taat rata,

Drawdown

ipacity of pump,

Static It vat (dapch to watact.

gpm Duration of
*

— ft Data__^

.-..

Quality (claar. cloudy, taata. odor)

;pth of pump aatting

ita ^fr ^***j Pump inatallad by.

WELL LOO* SKETCH SHOWING LOCATION

Formations: tandstona. shala,
tin»*ton«. graval. clay From To Local* in rafaranc* to numbarad

atata highway*, atraat intaraactiona. county roada. ate.

N

-U1NG f IRM

ADDRESS

DATK

S16NV\s^
*!f additional spaca is naadad to complata wall log. uaa naxt conaacutiva numbarad form.



W 'J- LUG A: ^ ; _.\a REPORT
S-.;:.-

DEPARTMENT OF
Divisicr.

0000195!
. - .TV-AL RESOURCES wel l Leg ',;..-•

Section of Township
zr Lot Number.

Location of prop«rty

CONSTRUCTION DETAILS

Casing diameter
Type of screen-
Type of pump

of

.Length of

.Length of Drawdown.
.O.P.M. Duration
——ft. Date

Depth of pump setting.

Developed capacity
Static level—depth to water
Pump installed bfc

WELL LOO SKETCH SHOWING LOCATION

Formatiou
Sandstont, sbile, limtstona,

and clay
From To Locat* ia rtftrtnct to amnbtrtd

Sutt Highways, St. Inttr itctions, County roads. *tc.

0 Fttt

E.

s.
Se« rcvtrsc slda for instructions

Drilling

Addr«,._

/ c
JEli*4^^ atr



WELL LOG AND DRILLING REPORT
' State of Ohio

PLEASE USE PENCIL DEPARTMENT OF NATURAL RESOURCES
OR TYPEWRITER Division of Water
DO NOT USE INK.

\~7 U)U>-38
N9

1M2 „. First Avenue
Columbus 12, Ohio

of

Owner

Location of propertT.._\jJ!
ftv *\ •*

Q <^ cLs
e^

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter
Type of screen-
Type of pump—

of casing.
-Length of screen.

Pumping Rati
Drawdown—1

.G.P.M, Duration of

Static level-depth to water.-. .ft.

Capacity of pump.
Depth of pump

Quality (clear, cloudy, taste, odor).

Data of completion. Pump installed by. C SwJ

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay
From To Locate in reference to numbered

State Highway*, St. Intersections, County roads, etc.

c.' 0 Feet N.
Ho

Ho C C-.

91'
lot1

\cc

i n 1

\ 3 < r

'._..\o •-- lr '*•'•- o.
See reverse side for instructions

Drilling Firm ...xi-̂ .-

Address ..\!̂ ...̂ ..O \..̂ .
vS^ r

Signed ....X.l̂ .̂ ^*........2..̂ ™-N-HHi~s



v*1^ *
'- State of Ohio

PLEASE USE PENCIL DEPARTMENT OF NATURAL RESOURCES
OR TYPEWRITER. Division of Water
DO NOT USE INK. 1562 W. Firtt Avenue

Columbus, Ohio
</

No. 26«19a

ion of Township.._£*S.........̂ ......,.„„._„.^*~^ t^rT J A "^f

0

.....———Address
7» »»tf ̂ t̂*̂ ?n̂ o

Z6~.

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Cuing diameter .....̂ -......—...Length of casing.

Type of screenr»-3trfc^>^*rr!™L«ngth of screen—.„...

Type of pump..

Capacity of pump........
Depth of pump setting.

Date of completion.......

Pumpinj rate......._.......G.P.M. Duration of test....«fc*_..hrs.

Drtwdown..._.-..........._...ft. Date...
Developed capacity..
Static level—depth to
Pump installed by.......

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and clay
From

0 Feet

32-
3?

93

To Locate in reference to numbered
State Highwayi, St. Intertectioni, County roadt, etc.

- Ft.^ .̂.̂ .... A V*

9?

See reverse side for instructions



NO CARBON PAPER
NECESSARY-

WEK LOG AND DRILLING Kt' 'Kii
State of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Geological Survey

Fountain Square
Columbus, Ohio 43224 Phone (614) 466-5344

478602
GOW1961

COUNTY TOWNSHIP*.

t

OWNER7
OF «>*O«'«*TY,

*

CTION OF TOWN»Ht»»
LOT NUMBER

CONSTRUCTION DETAILS / BAILj&jVO ̂ PUMPING TEST
isoacifv »««• by Cireiinf)

:asmg

vpa of scraan

'ypa of pump_

V/ Langth of casing.

Langth of

Taat rate. gpm

Drawdown

Static lava! (depth to water),

Duration of last,

Date.

,hrs

Rapacity of pump, Quality {clear, cloudy, taste, odor).

3epth of pump setting

3ate of completion

/
jfPumtrin*nstailed by.

WELL LOG* SKETCH SHOWING LOCATION

Formations: sandstona. shale.
limattone, gravel, clay

Locate in reference to numbered
state highways, street intersections, county roads, ate.

DRILLING FIRM

ADDRESS

*if additional space is needed to complete well log. use next consecutive numbered form.



NO CARBON PAPER
NECESSARY-

SELF-TRANSCRIBING

WP1. LOG ANU UKILLIM^ rvr
State of Ohio

DEPARTMENT OF NATURAL RESOURCES y. QQC-71 a?!
Division of Water l™' O O O f i y

65 S. Front St.. Rm, 813 Phone (614) 4C9-2646 * n
Columbus, Ohio 43215 . fl.

Co^ , ^"--t^"j- -:—— Township ^^^^^^V^r^^ectjon of Townahlp______

Owner ....... -Address

Location of property.

CONSTRUCTION DETAILS BAILING OR PUMPING TEST
(Specify oat by circling)

asing diameter

ype of screen...

of

.——Length of casing.

——Length of screen.

Test Rate., w.: G.P.M. Duration of tes

Static laval-depth to water.

ap*city of pump... Quality (clear, cloudy, taste, odor).
pth of pump setting,
•e of completion...— Pump Installed

WELL LOG* SKETCH SHOWING LOCATION
Formations

andstone, shale, limestone,
gravel and clay

From

0 Feet

'— I

1 I

To Locate In reference to numbered
State Highwayi, St. Intersections, County roads, «tc.

N.

Firm Date

Address ^ '-w Signed

additional space is needed to complete well log, use next consecutive numbered



NO CARBON PAPER
NECCSSARY-

SEUF-TRAN&CRIBING

COUNTY.

- LOG AND DRILLING REPORT
State of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Geological Survey

Fountain Square
Columbus. Ohio 43224 Phone (614) 466-5344

SECTION OF TOWNSHIP
. OR UOT NUMBER

/" WW-M2.
0000196

OWNER, ADDRESS

LOCATION OF PROPERTY.

CONSTRUCTION DETAILS •AILING OR PUMPING TEST
l«O*eity on* by circhAfi

hr*Length of casing

Length of screen

Static level (depth to water)

Quality/cleerloudy. taate.

of pump setting

e of completion.

WELL LOG* SKETCH SHOmNG LOCATION

Formations: sandstone, shale,
limestone, gravel, clay Fnxn To Locate in reference to numbered

state highways, street inter sect ions, county roads, etc.

Oft N

W

.1 :
FlRMj

AOORC5S.

DATE

SIGNED

*!f additional space is needed to complete well log. use next consecutive numbered form.



PLEASE USE PENCIL
OR TYPEWRITER.
DO NOT USE INK.

<^£#>*<^

i ' State of Ohio
DEPARTMENT OF NATURAL RESOURCES

Division of Water
1562 W. Pint Avenut

Columbus, Ohio

Townshii .Section of Township^

No. 266688

/

Location of Litf£4^a2y5«<^^
*^ r Jrf J JS\

CONSTRUCTION DETAILS BAILING PUMPING TEST

.X*9 • *9 V *~Cuing diameter ....̂ 7.—«..._.—.Length of casmg«C»£..2r..
Type of screen^2*if^?T^^r...L«neth of scrt*n——..—.
Type of pump.—^xr3*1
Capacity of pump.........

Depth of pump setting.

Date of completion.......

Pumping rate...jT"S"--G.P.M. Duration of test....^.....hrs.

Developed capacity.......,...-.—..̂ ............. ...................— ...„...,......._
Static level — dtpth to water.....̂ -.....................,...,....-........-ft.

. Pump installed by..— ................. .....................................................

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

travel and clay
From To Locate in reference to numbered

State Highways, St. Intersections, County roads, etc.

0 Feet N.

s.
*e reverse side for instructions



SUU of Ohio
(

NO CARBON PAPER
,,»,*< *. vNECESSARY-

SEUF.TRANSCRIBING

DEFARTMZNT OF NATURAL RESOURCES
Diviiion of Wtur
Fountain Squuv

Columbuj, Ohio 43224

. '*' ft/STt'.'*sfs TOWNSHIP.

620*~ w

* '

01965

CONSTRUCTION DETAILS

.* *

vn-'p— r v " ' * " * f _ . . . . . _

WELL LOG*

Formations: sandstone, shal*.
limestone, gravel, city

flj XT ' X T - - ' (

/

•

From

O f t

To.

#? "

..

•AILING OR PUMPING TEST "

TMI ret* _ ,p gpm On rat ton of tMf _- h«

« _- -^ fc „ ^- -<- 7- ->

Ou..̂  ,H« H*-̂  «.*«*.» X-^-

pi-fwiiMt-J|^

SKETCH SHOWING LOCATION

Locate in rafwtnce to numbered
state highways, street imersections. county roads, etc.

N

/

| 1 Ar

1 1 I t*

W // E

/X

S

^•^ - y^

•if addition*! space •» needed 10 comolete well log, use next consecutive numbered form.
i-X

x"~X
ORIGINAL COPY-ODNR.DIVISION OF WATER, FOUNTAIN SQ.,COLS.,OHIO 43224(jj>



WEL" LOG AND DRILLING REPORT
State of Obio

PLEASE USE PENCIL DEPARTMENT OF NATURAL RESOURCES
OR TYPEWRITER . Division of Water

NOT USE INK. !562 W. First Avenue
>* Columbus 12, Ohi;

-Section of Townshj

&'i ASU* + /t* .

0000196f

Location of property./

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter -jZj*~.-pi.Length of casing
Type of screen.^^/^*?r/.-.^Length of^creen.

Type of
Capacity of

Depth of pump setting-
Date of completion.........,Z..~.̂ Z~<C

Pumping Rate^Gi?!?...G.P.M. Duration of test..JsL.-.hn.
Drawdown™..—^3L_-ft. Date...w .̂Lr_.«w2_l/?.j?..-.._.._™

.Static level-depth to water™——£&„——-.——————..ft
Quality (clear, cloudy, taatt,

Pump installed

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone. From

0 Feet

To Locate in reference to numbered
State Highways, St. Intersections. County roads, etc.

N.

W.

s.
See reverse side for instructions



WD'- LOG

— /
«•*-**• — £*- * • ' v • "' "

DEPARTMENT OF N A T U R A L RESOURCES
Division or Water "e ' ' u-* ' • • " ' -
1500 Dublin Road No. 21599?
Columbus. Ohio

.-Section of Township,

-Address

:c.vv?L<.v..*J!L'ĵ ^

CONSTRUCTION DETAILS BAILING OR rUMrmO.TEST

Cuing diameter

•Type of screen—

.Length of cuing.

.Length of scre«n_

Pumping rate..————G.P.M. Duration of test......

JDrawdown———f.———ft
.hrs.

^Capacity of pump.———
'Depth of pump letting—.
•Date of completion———

Developed capacity..
Static level—depth to water.-——£..3r.————.._.......,.._..ft.

Pump installed by.

WELL LOG SKETCH SHOWING LOCATION

i Formations
idstone, shale, limestone,

gravel and clay____
From To Locate in reference to numbered

State Highways, St Intersections, County roads, etc.

0 Feet N.
?c'
90'
9' '

\

\

I

E.

V

s.
See reverse side for instructions

Drilling Firm

Address

Date ——sJ—!-

M^LSigned



0 ->^.^ TT-""* T""i .w - JL. »-< --•-_

Ct»—ry

Owner

. Tusc .

Division c: V,'i;:r
1532 V/". First Av?- —

Coluzibus, C^io 43Z12

.To-.7T.ship——£1?.-'————.—....Ssctioa or Township.

wuu - i / ...
U e i : £0001966

>TO "- - - - -*J • *- ~ - '

Pi re Address

Location of property

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Z as ing diameter
type of

.Length of ccsing._.62_!_l!l
Of *rr*gn 18 f

rype of pump*.
bapacity of ptuap
Depth of pump letting.———3-«-

ate of completion——Q^il9./_w/.,

Pumping Ratt—110_G.P.tI. Duration of test,—.J—

Drawdown ,.- H ,_Jt. D«t«-£/JLZ&?.'=&/9/67....

Static level-depth to water______-30J.————__

Quality (clear, cloudy, taate, odor)——.——————.—.
.ft.

F Pump Installed by.

WELL LOG* SKETCH SHOWING LOCATION

Formations
Sandstone, ihale, limestone,

travel and clay

r

From

0 Feet

To Locate In reference to numbered
State Highways, St. Intersections, County roads, etc.

.fi!...'1:.

.67..'.....

i~. .'.r

...
See reverse side for Instructions

Drilling Firm _StOff.feeri..to.UlinS_C.O.*.__ Date .»___JL«Lne-?0J...l9jS

Address ...____R.f .D. A 1 St,,-e-.M-. _r>,^Si-—————•••-.-..••-..ft...-a,...._..^.^_ a-s-fc-u-i-g-y—vfliO «*»-

*If additions.! spice is nee.ded to complete v/ell lc~, use next consecutive numbered .or.— .



PLEASE USE PENCIL
OR TYPEWRITER
DO NOT USE INK.

WEM. LOG AND DRILLING REPORT
State of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Water

1562 W. First Avenue
Columbus 12, Ohio

N9 288847

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

G.P.M. Duration of test—y/Lhra.Casing diameter ~.
Type of screen

Type of pump...—™.

Capacity of pump...

.Length of casing... >fw
.—Length of scree

SW;

Pumping Rate

Drawdown. ft. Date.
Static level-depth to water——

a_J»_5*-.
ft.

&J1A Quality (clear, cloudy, taste, odor).

Depth of pump setting.

Date of

..^2*.
Pump installed

WELL LOG SKETCH SHOWING LOCATION
Formations

Sandstone, shale, limestone,
gravel and clay

A.

From

0 Feet

to

As-) >3
1*1

To Locate in reference to numbered
State Highways, St. Intersections, County roads, etc.

N.

w.

See reverse side for Instructions

iJrilling Finn

Address ..__..
7



WEM, LOG ANU DKILLINii

PLEASE USE PENCIL
OR TYPEWRITER
DO NOT USE INK.

State of Ohio
DEPARTMENT OF NATURAL RESOURCES

Division of Water
1562 W. First Avenue

Columbus 12, Ohio

Section of Township.

Location of

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter of casing. fiT*

Type of tcncayKjtfd^^-Lmgth of screen.
Type of pump..._*r—* ,/y f^---..^ ^^' *-~————
Capacity of pump————

TVswrtown
-G.P.M.
-ft. Data...

of

Static level-depth to water. ft.

Depth of pump setting——

Date of completion...—

Quality (clear, cloudy, taste, odor).—C

WELL LOG SKETCH SHOWING LOCATION
Formations

Sandstone, shale, limestone,
gravel and clay

From

0 Ftet

Locate in reference to numbered
State Highway*, St Intersections, County roads, etc.

N.

/yd

)7tn3 W.

Sac reverie side for Instructions

trilling Finn



NO CARBON PAPER
NECESSARY—

SELF-TRANSCRIBING

C

Owner .^

'. LOO AND UKILLmo Kr VM
State of Ohio

DEPARTMENT OF NATURAL RESOURCES ufl O Q Q O
Division of Water IW' *5^^^

65 S. Front St., Rm. 815 Phone (614) 469-2646
Columbus. Ohio 43215

0 1 Q71
^ ̂  J

Township. Section ol

... XX,

Location of property

^ j*^

'- J- r*

CONSTRUCTION DETAILS

X "

"ype of icreen_ :̂.£,..C?..̂ : *— Lan|

rvoe of oumo ^~j>*~~*^~t^~?*~- _ • - - _ _ — --- . -- _ .- _ -

>th of casin

^th of scrwi

,xf ̂ -'? "

Capacity of pump... ————————————————————————— —

Depth of pump setting. ————————————————————— —
Date of completion ———————— . —————————————— —

WELL LOG*

Formations
Sandstone, shale, limestone,

gravel and clay
? .-'.-^ ^/j^-r r.**-

~ '" , y >'' *+*:-*& '\rt £<. ^

s*** .'XI »-- *^*%, /f-TC^

•st^M •&'&: if xc^>*^
£

From

0 Feet

?*>

j$-r
£7

To.

ŝ...?.*:
^TJ^

£7
&/

• —————

—————

BAILING OR PUMPING TXST
(Sptcify out by eirelinc)

Ttit Rate..._X^3. _ G.P.M. Duration of test. ̂ 2
nr,«rf««« ^^ ft n.t. ̂ 2'2-7-y
Stt*4c it»«M^rt!i **> «*•»• 4f3^— , , —1 >•
Quality (e?w, clondy, tas*t, f>*'«') «^"'̂ «**4.

PUIPP install *d ITT*

*, ... hn.
<O

.. ft

SKETCH SHOWING LOCATION

Locate in reference to numbered
SUte Highway*, St. Intersection*. County roads, «te.

N.

Hf"
f ,J*'V

K^ f
r 1
r=vx. U
?^gL

. tv / /V\ ,-/
s. '1

f

•>̂
v E.""^ .»

* ", »N*>

^

ki

— —
'•

ng

Address

U
Date

Signed n / jA ,'// ,

*lf additional space is needed to complete well l^g, uiuse next consecutive numbered form.



PLEASE USE PENCIL
OR TYPEWRITER

' DO NOT USE IKST]

Tuscarswas.ty.

Owner .

AND DRILLING fUPQxri
Sute of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Water

1562 W. First Avenue
Columbus, Ohio 43212

Clay_ Township_________—————Section of Township.

U)U>-51
N9

00001972
north eart

Kilo Killer Addrtsa
, G&adcnhuttan

Location of Prftp*r*y Intarsectlon of county roada 10 and 16 at mobile h

CONSTRUCTION DETAILS

5s
VHW» — —— — ——————— L*ng
Type of screen._. ....X, . ——— Lenj

th of cajin
rth of tcrcei

~ T

C-- ————— •
'• /

Type of pump ————— _^_ ——————— ̂  ——— -- ——————— .
- ' * \ ^N. \~S rCapacity of pump —————— A —— y XX ———————— —

V* \ X \

Depth of pump setting. —— ̂ . .\ „ ~^\^^^j^- ———————— -

WELL LOG*

Formations
Sandstone, shale, limestone,

gravel and clay
sandy loom

brown clay

gray shale

ifeutw
coal
shale

limestone

shale

water at 70 and 64

From

0 Feet

12

41

70

76
78

64

98

To

12 Ft.

41

70

76

78
' 64

98

102

BAILING
2

Pumping Rate .... *
zp

Static level-depth to

Quality (clear, cloud 7

Pump in«t%Il*d by.,^(
r . ^^.

OR PUMPING TEST

..G.P.M. Duration of test / hrs.

ft. Datt... II*JI=.I9 „
water *° . ft.
-, taste, odor) .. C^2H47 ..

^ ^ A/ C- 13k
x

SKETCH SHOWING LOCATION

Locate in
State Highways, St.

^\^*f~^

reference to numbered
Intersections, County roads, etc.

N.

^f^fi^"'^ E'

^»S*« rev*r«* aide far instruction*

.ling Finn .....?iahar-'j_dr111 i ng.—......__.

Addresi _.

Date ..__ILrJ9- 7Q

Signed

*If additional space is needed to complete -well log, use next consecutive numbered form.



WEL" LOG AND DRILLING REf^RT

NO CARBON PAPER
NECESSARY-

SELF.T*ANSC*,BING

State of Ohio
DEPARTMENT OF NATURAL RESOURCES

Division of Geological Survey 4904
^5344 00001973

fBCTION OF TOWNSHIP

^ •'- £ .fe^ Q P- 3-* , x- V , ". -**-

r

CONSTRUCTION DETAILS ,

.. t t
•pa of pump-— — —— - ———— . ————————— - —————————— — — — — —

I * " '

ipacity of pump ——— , ———— _£ —— — ————————————————— .

WELL LOG*

Formations: sandstone, shala.
limastont. graval, clay

c ^.,A"
r -

-.^ .. *r
^ TT. . . ;.

From

Oft

/

/ *

- r
.- /

To .

ft

iq
0 ^

7/
r <

•AILING OR PUMPING TEST
(•oecity one bv Circhnfi

' *

H.̂ tn^ -• *. Omi < - ' * ' - ' ' •"'"

St^ic l.v.1 ,d-p.h « —— 1«» ' • ' . ' * h

Quality (clear, cloudy, tun, î tar) ^ ' * r *'.

Putnp inaullAd hy '_ • ' , - * ; » . • r • . • , ' ' * '

SKETCH SHOWING LOCATION

Locate in rafaranc* to rmmMred
state highways, strati intersections, county roads, ate.

(?i / ' • i . 1J . * H < i.i (t , W

, V

: . r

W .x E

i
t 'J • -

, cj! *> '•* t*<_iv^-- _w
/ 3

.,««- r-*^— «« tr-f*-'**?
, -g _^ ( — 1 ^_^

H additional space it ne«d«d to complete wall og. us* next consecutive numbered form.



PLEASE USE PENCIL
OR TYPEWRITER.
DO NOT USE INK.

WELL LOG AND DRILLING
i'- f~"v State of Ohio V

DEPARTMENT OF NATURAL RESOURCES
Division of Water

1562 W. First Avenue
Columbus, Ohio

No. 266687

CONSTRUCTION DETAILS BAILING OR PUMPING TEST
^«

Cuing diamtter __T———.—Length of casing....
Typ« of screen.™.._.....——_L«ofth of screen—„.

Type of pump..._._._._._._._____....._._.___«

Capacity of puzcp...____________..*.__._...__
Depth of pump letting—........————.———..—————.
Date of completion...™.-..........-™..—...._.._....————..„.„

Pumping rat«....h2.T_..G.P.M. Duration of test...̂ .......hrs.

Drawdown.._.<?„„._.„ft. Date.d2..-J/.~»&/......-.._._
Developed capacity..—..-.....—.._.„„._.._„..._,.........._......._.,———

Static lavel—depth to wattr....7-rr.._._™......_._.._.......—ft.
Pump installed by..._......„..„—.............._......_....,.........._....._....._

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

gravel and cl«;
From To Locate in reference to numbered

State Highways, St. Intersections, County roads, etc.

0 Fett

•*e- ff^^a^^t

C*

7/1 wt

- ^^i <f

s.
See reverse sid* for instructions

o.t.

0



PLEASE USE PENCIL
OR TYPEWRITER
DO NOT USE INK.

nX^rQ^*«-g<-_.'

WEL»- LOG AND DRILLING REPORT
State of Ohio

DEPARTMENT OF NATURAL RESOURCES
Division of Water

1562 W. First Avenue
Columbus 12, Ohio

Section of Township.

omicrnxi.

Location of property

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter .. .Length of casing.̂ .Ait
Type of screen-r*dkfc !̂!**^=Length of screen.

Type of pump...

Capacity of pump.

Pumping Rate^OL.Q.PS? Duration of tt«t._im_hrs.
Drawdown._______ft. Data.-^? " f~^ %*___
Static levti-depth to wcter

Quality (clear, cloudy, taste.

Depth of pump setting.

Date of completion...— Pump install td by.

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,

, gravel and cljty____

NOTE: We drlUed a «»lt well
Grouse property, 3700 ppm showi
No. 266687. We needed all the
find in this last veil, hence
of casing.

From

0 Feet

L2-U-61
on log
water we
Duly one

To Locate in rtftrence to numbered
State Highways, St. Intersections, County roads, etc.

N.

70

w.

ut the

could
ength

See revert* side for Instructions

Signed



NO CARBON PAPER
NECESSARY-

SELF-TRANSCRIBING

WEL^LOC AND DRILLING Ktr KI
SUt* of Ohio

DEPABTMZNT OF NATURAL RESOURCES
Divuion of Water
Fountain Squar*

Columbus, Ohio 43224

52324^^1976

COL

OWNKN

TUSCARAWAS TOWNSHIP, GUY

EMPIRE CCAL CO. (DOROTHY DYER) *.»»•«•

.SECTION OF TOWNSHIP.

U-S-

26
# 36 - MADENHUTTEN, OHIO

ON CCWNTY RD. 16 0*T OP COUNTY RD. 10

CONSTRUCTION DETAILS

5* 40"

•pe of screen _ -_ Length of screen .

/pe of pump__», — . — ., — . , - ——— ..,. _ — - — _ — - — _ —— —

•pacity of r""P ———— - — - —————— - — — ——— —— —

apth of pump sen ing ——————————————————————————————

ate of T-^pUfir>ft 10-*̂  7Y ——————— _ ——— _ — . ,_,.

WELL LOG*

Formations: sandstone. Shale,
limestone, gravel, clay

w- SHALE

L,TT^ .3IASTIC SHALE

UMSSTCNE

COAL
CIAY

aRTW "PTASTTC SWATH

SAV™™

. ' - < • • v % .

From

Of t

IV
32'
35 '
36'

UG'

W

-i

•1 » »•

To

lif ft

32V
35'
36'
U0(

CQ

*?o

•AILING OR PUMPING TEST
(•••city ««• by circling)

T i 0, 1

20 n 10-4-77
*. so1
Static lewl (depth to weier) J „ *r

Quality (cl.«r. eloi*4y. *»«• o^1 Clear -#-irf£cX*£fc^.

SKETCH SHOWING LOCATION

Locate in reference to numbered
state highways, street intersections, county roads, etc.

N

W I E

JENEI DRTU.TNG CO. , INC.
FRONT ST. S.W

PATg 12-23-77 .

m?*; FHIIADELPHIA, OHIO 44663
•if additional spaca is ne«d«d to comolete wall log, us* naxt consecutive numbered form.

0



OKIOINAL

NO CARBON PAPER

NECCSSA*Y-

WELT LOG AND DRILLINGi
State of Ohio

DEPARTMENT OF NATURAL RESOURCES A Q 7 C *3 f!
Diviiion of Geological Survey *f 3 f OOU .-»•».,.

Fountain Square 00001977
Columbus, Ohio 43224 Phone (614) 466-5344

-•*-.
COUNTY//>f TOWNSHIP.

OWNC*«fr <,«..<, ^^ JJ

SKCTtON OF TOWNSHIP
. OM LOT HUM MR

ADDKCSS,

^_
LOCATION

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Caaing

Type of screen

Teat rale ____ j gpm Duration of teat ____/L hra

Length of screen

Type of pump. Static towel

Capacity of pump.__

Depth of pump setting

Oat* of completion.

WELL LOG* SKETCH SHOWING LOCATION

Formations: sanditon*,
lim**ton«, grav»l, city From To Locate in rafaranoa to numbarad

atata highway*, straat intarsactiona. county road*, ate.

/3-64A
Oft N

fit-AJl /

/T

tf additional space is rt**dad to coniplvta w«U log. ua« n*n consacutiva numbarad form.



WtL f c

State of Ohio
___ TJSE PENCIL DEPARTMENT OF NATURAL RESOURCES

OR TYPEWRITER Dirision of Water
15ft2 W. First Avenue

Columbus, Ohio 43212

N9 330164
0000197?

Township. C Section of Township.

Owner

Location of property

-Address

4-=
CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter
Type of screen-.
Type of

-Length of Pumping Rat) .G.P.M. Duration of test... irs.

u D

Capacity of pump——
Depth of pump setting...

Drawdown . -3-8 '..,,. ft.

Static level-dtpth to water

Quality (clear, cloudy* taate, odor)
ft.

, « ifr /

Date of completion———I—' Pump installed

WELL LOG* SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone,
__ gravel and clay____

From To Locate in reference to numbered
State Highway*. St. Intersections, County roads, etc.

0 Feet A..!.1:
r

N.

L'
8'

.sk< '
.4.8.'_

w.

See reverse tide for Instructions

ing Firm .EVZREHJKALTZJf.Cajta^
DRILLING CONTRACTORS

Addres* ._...„..__........STRASBURa OHIO_____

Date ......_ilflu.

Signed _

30 i 9 G 5"

*If additional space is needed to complete well log, use next consecutive numbered form.



OOU01979

X

O
Z
UJ
Q.
Q.



00001980

APPENDIX D
AKALYTICAL RESULTS FOR GROUND HATER



00001981

APPENDIX D
LIST OP TABLES

TABLE MO. TITLE
D-l Summary of General Chemical Results, April 1985 Pint

Quarterly Ground Water Monitoring, ARCO Chemical Company,
Gnadenhutten, Ohio

D-2 Summary of Volatile Hazardous Substance List Compound Results,
April 1985 First Quarterly Ground Water Monitoring, ARCO
Chemical Company, Gnadenhutten, Ohio

D-3 Summary of Acid and Base-Neutral Extractable Hazardous
Substance List Compound Results, April 1985 First Quarterly
Ground Water Monitoring, ARCO Chemical Company, Gnadenhutten,
Ohio

D-4 Summary of Pesticide Hazardous Substance List Compound
Results, April 1985 First Quarterly Ground Water Monitoring,
ARCO Chemical Company, Gnadenhutten, Ohio

D-5 Summary of General Chemical Results, July 1985 Second Quarter
Ground Water Monitoring, ARCO Chemical Company, Cnadenhutten,
Ohio

D-6 Summary of Volatile Hazardous Substance List Compound Results,
July 1985 Second Quarterly Ground Water Monitoring, ARCO
Chemical Company, Gnadenhutten, Ohio

D-7 Summary of Acid and Base-Neutral Eztractable Hazardous
Substance List Compound Results, July 1985 Second Quarterly
Ground Water Monitoring, ARCO Chemical Company, Gnadenhutten,
Ohio

D-8 Summary of General Chemical Results, November 1985 Third
Quarterly Ground Water Monitoring, ARCO Chemical Company,
Gnadenhutten, Ohio

D-9 Summary of Polychlorinated Biphenyl Results, November 1985
Third Quarter Ground Water Monitoring, ARCO Chemical Company,
Gnadenhutten, Ohio

D-10 Summary of General Chemical Results, January 1986 Fourth
Quarter Ground Water Monitoring, ARCO Chemical Company,
Gnadenhutten, Ohio

D-ll Summary of General Chemical Results, November 1986 Final
Quarter Ground Water Monitoring, ARCO Chemical Company,
Gnadenhutten, Ohio

D-l2 Summary of Volatile Hazardous Substance List Compound Results,
November 1986 Final Quarter Ground Water Monitoring, ARCO
Chemical Company, Gnadenhutten, Ohio



APPENDIX D

LIST OP TABLES
(Continued)

00001982

D-13

D-U

D-15

Summary of Acid and Base-Neutral Extractable Hazardous
Substance List Compound Results, November 1986 Final Quarter
Ground Water Monitoring, ARCO Chemical Company, Gnadenhutten,
Ohio
Summary of Pesticide Hazardous Substance List Compound
Results, November 1986 Final Quarter Ground Water Monitoring,
ARCO Chemical Company, Gnadenhutten, Ohio
Summary of General Chemical Results, January 1987 Final
Quarter Ground Water Monitoring, ARCO Chemical Company,
Gnadenhutten, Ohio



TABLE D-l

SUMMARY Of GENERAL CUE*1CAt RESULTS
APUL 1985 PI 1ST QUARTERLY CIOIMD HATER NONITORJNCU)

AROO CHEMICAL COMPANY
CNADBNHUTrRN, OHIO

SAMPLE IDENTIFICATION

PARAMETERS

pH
Specific Conductance
Temperature
Cyanide, Amenable
Cyanide, Total
Pluoride
Nitrate
Netali:

Aluatinun
Anenic
Bariuai
Cadaiun
Chromiw, Heiavalent
Chro«iu», Total
Copper
Iron
Lead
Nanganeie
Mercury
Seleniu*
Silver
Zinc

CONCENTRATION
UNITS

pH Units
iMhos/ca £ 25'C

* Celsius
a^/l(b)

•8/1
•8/1

•8/1 M03-N

•8/1
•8/1
•8/1
•8/1
•8/1
•8/1
•8/1
•8/1
Hj/l
•8/1
•8/1
•8/1
•8/1
•8/1

MW-l,
20 feet

7.19
600
13

0.02U(c)
0.02U
0.1
1.6

0.01
0.002
0.11

0.001U
O.OIU
0.02

O.OIU
O.OIU
O.OIU
0.21

0.0002U
0.007
0.001U
O.OIU

MW-l,
37.5 feet

7.19
590
13

0.02U
0.02U
0.1
1.0

0.01
0.001
0.10

0.001U
O.OIU
0.02

O.OIU
0.05

O.OIU
0.21

0.0002U
0.008
0.001U
0.03

MW-2,
18 feet

6.82
1320

16
0.02U
0.22
0.6
1.7

0.03
0.001
0.11

0.001U
O.OIU
0.02

O.OIU
0.14

O.OIU
2.9

0.0002U
0.014
0.001U
0.03

MW-2,
37.5 feet

6.90
1380

16
0.07
0.23
0.6
1.3

0.03
0.001
0.12

0.001U
O.OIU
O.OIU
O.OIU
0.17

O.OIU
2.7

0.0002U
0.015
0.001U
0.04

MW-3,
16 feet

6.85
1220

12
0.02U
0.36
5.9
9.1

0.07
0.001
0.07

0.001U
O.OIU
0.04
0.01
0.20
O.OIU

7.4
0.0002U

0.010
0.001U
0.03

MW-3,
37.5 feet

6.81
1130

12
0.03
0.29
5.7
11

0.05
0.001
0.07

0.001U
O.OIU
O.OIU
0.01
0.22

O.OIU
7.0

0.0002U
0.007
0.001U
0.03

MU-4,
17 feet

6.85
1770

ND(d)
0.02U
0.35
8.0
0.1U

0.03
0.006
0.10

0.001U
O.OIU
O.OIU
O.OIU
6.0

O.OIU
4.7

0.0002U
0.002
0.001U
0.04

MW-4,
37.5 feet

6.90
1760
ND

0.02U
0.26
7.8

0.1U

0.02
0.005
0.10

0.001U
O.OIU
0.02
0.01
5.3

O.OIU
5.2

0.0002U
0.002
0.001U
0.04

O
o
O

CD
00
CO



TABLE D-l
(Continued)

SAMPLE IDENTIFICATION

PARAMETERS

pH
Specific Conductance
Temperature
Cyanide, Amenable
Cyanide, Total
Fluoride
Nitrate
MetaU:

Aluminum
Arsenic
Barium
Cadmium
Chromium, Hexavalent
Chromium, Total
Copper
Iron
Lead
Manganese
Mercury
Selenium
SiIver
Zinc

CONCENTRATION
UNITS

pH Unit*
umhoi/cm £ 25'C

* Celaiua
•ft/I
•ft/I
1/1

mg/1 M03-M

•ft/1
•ft/1
•ft/1
•ft/I
•8/1
•8/1
•ft/I
•ft/1
•8/1
•8/1
•ft/I
•ft/1
•8/1
•8/1

HU-5,
17 feet

7.19
820
13

0.02U
0.04
4.2

0.1U

0.01
0.001
0.11

O.OOIU
0.01U
0.02
0.01
0.06
0.01U
4.3

0.0002U
0.001
O.OOIU

0.03

HU-5,
37.5 feet

6.90
810
13

0.02U
0.05
4.4

0.1U

0.01
0.001
0.11

O.OOIU
0.01U

0.03
0.02
0.08

0.01U
4.4

0.0002U
O.OOIU
O.OOIU

0.03

MU-6,
19 feet

7.01
780
12

0.02U
0.02U
0.1
19

0.01U
0.001
0.17

O.OOIU
0.01U
0.02
0.01
0.04

0.01U
0.01U

0.0002U
0.004

O.OOIU
0.03

MU-6,
37.5 feet

7.02
790
12

0.02U
0.02U
0.1
21

0.01U
O.OOIU

0.16
O.OOIU
0.01U

0.02
0.02
0.01

0.01U
0.01U

0.0002U
0.004

O.OOIU
0.03

MU-7,
15 feet

7.00
1000

16
0.02U
0.02U
2.0
0.8

0.17
0.023
0.10

O.OOIU
0.01
0.11
0.01
0.45

0.01U
0.62

0.0002U
0.002

O.OOIU
0.06

NW-7,
37.5 feet

7.1
1050
16

0.02U
0.02U

1.6
0.3

0.03
0.047
0.10

O.OOIU
0.01U
0.01U
0.02
1.6

0.01U
1.3

0.0002U
0.002

O.OOIU
0.03

MW-8,
18 feet

7.00
720
16

0.02U
0.02U
0.1
0.1U

0.01
O.OOIU
0.12

O.OOIU
0.01U
0.03
0.02
0.01
0.01U
0.04

0.0002U
0.002

O.OOIU
0.04

MU-Bf

37.5 feet

7.00
700
14

0.02U
0.02U
0.1

0.1U

0.01
0.001
0.12

O.OOIU
0.01U
0.02
0.02
0.03

0.01U
0.04

0.0002U
0.001

O.OOIU
0.03

o
o
o

CO
00



PARAMETERS

Specific Conductance
Temperature
Cyanide, Amenable
Cyanide, Total
Pluoride
Nitrate
He tali:

Aluminum
Arsenic
Bariuai
Cadmium
Chromium, Hexavalent
Chromium, Total
Copper
Iron
Lead
Hagneaium
Hercury
Selenium
Silver
Zinc

TABLE D-l
(Continued)

CONCENTRATION
UNITS

pH Unit!
umhoa/CM 0 25'C

* Celsius
•ft/1
•8/1
•8/1
•8/1

•8/1
•8/1
•8/1
•8/1
•8/1
•8/1
mg/1
•8/1
•8/1
•8/1
•8/1
•8/1
•8/1
mg/1

HH-9,
15 feet

6.90
690
14

0.02
0.08
7.2
2.1

0.01U
0.001
0.05

0.001U
O.U
0.14
0.02
0.07

0.01U
0.02

0.0002U
0.001
0.001U
0.04

SAMPLE IDENTIFICATION

HU-9,
37.5 feet

6.92
700
14

0.02U
0.07
6.8
2.4

0.01
0.001
0.05

0.001U
0.14
0.14
0.03
0.07

0.01U
0.03

0.0002U
0.001
0.001U
0.04

PW-4

7.30
690
14

0.02U
0.02U
0.1

0.1U

O.U
0.009
0.19

0.001U
0.01U
0.08
0.03
0.47

0.01U
0.53

0.0002U
0.002

0.001U
0.06

PW-5

7.12
750
13

0.02U
0.02U
0.1

0.1U

0.01
0.004
0.06

0.001U
0.01U
0.01U
0.03
0.31

0.01U
0.62

0.0002U
0.001
0.001U

0.04

TP-11

HR(e)
NR
NR
NR
NR
NR
NR

NR
NR
NR
NR

0.14
0.75

NR
NR
NR
NR
NR
NR
NR
NR

(a)Pirst quar ter ly ground water Monitoring samples were collected froat April 9, 1985 to
Apri l 12, 1985.

(b)"mg/lM " Mill igrams per l i ter or part* per M i l l i o n (ppm).
(c)"U" « analyted for but not detected. The corresponding number represents the method

detection l imit for the sample.

(d)"ND" » the indicated parameter was not determined.
(e)"NRM • the indicated analysis was not required.

O
O
Cr
O
k*
CO
OD



00001986

TABU o-:
SOKHAtT Of fOUTILIlAZAftDOUt S01STAKS LIST

COHPUOHU USOLTS
AMU. 1W5 riUT qOAJTfKLY CtOOUD UATU HOHITOIlJICt*)

tlCO CONICAL CGHTUrr
' GuaunrrTU. 0110

PARAMETERS

Act ton*
Acrolein
At ry lon i t r i le
Benzene
Sro«ofor»
Z-Butanone
Cirbon d i t u l f i d e
Carbon ce t rachlonda
Chlorobenzene
Ch lo rod ibro«o<M inane
Chloroethane
2-Chloro t iny lv iny l t ther
Chloroform)
Dich l orobroeKMM thane
1 ,1 -Dicnloroethane
1,2-Dichloroethene
1 ,1-Dichloroethytene
1 ,2-Oichloropropene
1 ,3-Oic.hlorapropyltn*
E t h y L b e n r c n e
2 -Hex anon e
M t i f t y l broeude
Htthyl ch lo r ide
Methy lene chloride
4-Hethyl-2-pentaaone
Styr«ne
1 ,1 .2 ,2-T«tr»thioro«th«o«

tr*n»-l ,2'Di.chlora*thyl«n«
1 ,1 ,1-Tr ichloco«chan«
1 , 1 , 2-Tr ii.nl oro«th«n«
Tr icn la roc thy lcn t

V i n y l
V i a y L chlocid*
Tot»l *ylto«(t)

CAS NUMlEX(b)

67-64-1
107-02-8
107-13-1
71-43-2
75-25-2
78-93-3
75-15-0
56-23-5
108-90-7

75-00-3
110-75-8
67-66-3
75-27-4
75-34-3
107-06-2
75-35-4
78-87-5
542-75-6
100-41-4
591-78-6
74-83-9
74-87-3
75-09-2
108-10-1
100-43-S
79-34-5
127-18-4
108-8«-3
156-60-5
71-55-6
79-00-5
79-01-6
75-69-4
108-05-4
75-01-4
1330-02-7

CONCENTRATION
UNITS

Uf/1

us/L

Uf/1

uf/1

Uf/1

us/1
uf/r
Uf/1
uf/1
u f / L
uf/1
us/1
uf/1

Uf/1
uf/1
uf/1
Uf/1
Uf/1

uf/1
Uf/1

Uf/1
Uf/1

uf/L
uf/1
Uf/1

uf/ l
uf/1
uf/1
uf/1
uf/1

SAWLC IDCMTIFICATIOK

HH-l ,
20 feet

10U(d)
IOU
IOU

l.OU
l.OU
IOU
IOU

l.OU
l.OU
l.OU
l.OU
IOU

l.OU
l.OU
l.OU
l.OU
l.OU
l.OU
l.OU
l.OU
IOU
IOU
IOU
IOU

. IOU
l.OU
l.OU
6.8
l.OU
l.OU
l.OU
l.OU
l.OU
l.OU
IOU
LOU
l.OU

W-2,
18 feet

100
IOU
IOU

l.OU
l.OU
IOU
IOU
l.OU
l.OU
l.OU
l.OU
IOU

l.OU
l.OU
l.OU
l.OU
l.OU
l.OU
l.OU
l.OU
IOU
IOU
IOU
IOU
IOU
l.OU
l.OU
5.3
l.OU
l.OU
l.OU
l.OU
l.OU
l.OU
IOU
IOU

l.OU

W-3,
16 feet

IOU
IOU
IOU

l.OU
l.OU
100
100

l.OU
l.OU
l.OU
l.OU
IOU

l.OU
l.OU
l.OU
l.OU
1.00
l.OU
l.OU
l.OU
IOU
IOU

• IOU
IOU
IOU
l.OU
l.OU
9.7
l.OU
l.OU
1.00
l.OU
l.OU
l.OU
IOU
IOU

l.OU

W-5.
17 feet

IOU
IOU
IOU

l.OU
l.OU
IOU
IOU
l.OU
l.OU
l.OU
1.00
IOU
1.00
l.OU
l.OO
l.OU
1.00
l.OU
l.OU
l.OU
IOU
IOU
IOU
IOU
IOU

l.OU
l.OU
4.7
l.OU
l.OU
l.OU
l.OU
l.OU
l.OU
IOU
IOU
l.OU

19 feet

IOU
IOU
IOU

l . O U
l .OU
IOU
IOU
l . O U
l .OU
l . O U
l .OU
IOU

l.OU
l .OU
l.OU
l .OU
l.OU
l . O U
l . O U
l .OU
IOU
IOU
IOU
IOU
IOU

l.OU
l .OU
4.7
l.OU
l.OU
1.5

l . O U
l . O U
l .OU
100
IOU

l.OU

FM-S

IOU
IOU
IOU

l . O U
l . O U
IOU
IOU

l . O U
l .OU
l . O U
l.OU
IOU

l.OO
l.OU
l.OU
l . O U
1 .OU
l . O U
l . O U
l .OU
IOU
IOU
IOU
IOU
IOU

l.OU
l . O U
l .OU
l . O U
l.OU
l .OU
L . Q U
l . O U
l .OU
IOU
IOU

l.OU

(*)firsc 4u«rttrly grouo* mc«r •oaicoring liBplit wr« colltctcd fro* April 9, 19«S to April 12, 1W5.
(b)Tht ni«b«c* pr*t*nt«4 ia Chit coluna «rt ch« ChMicil Abctricci Service (CAS) nuabcri ui«d for cicclofinf ch«

coapoundB ia the Qtcaical Abitrccti Index.
(c>"ue/l" * •icro(TM« p«t Liter or pcrtt p«r billiaa (ppb) .
td)"D" • «Q«lywd for but not detected. The corresponding nueber t«pf**«nn the Method detection limit for

the lemple.
(e)Tot*L syltae includtt the ortho-, e-, «ad pere-iylene ito««r«.
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TABLE P-»

COMMIT 0V MITtClOi IA2AlttXrS SDISTABCI L11T COMPOUVD USDLTS
ritiT gountLT cioom *ATII >«IT»IIICI«>

AJCO CKM1UL Cffl»A*t
otto

00001988

IKHTIPICATICM

PAftAHITtIS

•-IHC
4-IHC Ui*4i««>
b-BNC
It MM hi Ol

v-BHC
AUna
1Upt*clor •pettdi
Cn4tt*ul(M t
Ottitfi.it
4,* '-DOt
Cn4rt*
Intel »ult*« II
»,* '-DOO
4,« ' -DDT
Intfna • Uvtiydt
[n4»*ul (*n ml t«t«
MiKoiychlor
Chlard*n«
T0B*Mi«n*
Aroclo 101*
Aroclo till
AT at 10 1131
Aroclo I 2 h 2
Aroclo 12k*
Aroclo 12S*
AT ado 1260

lO4lC«l*4 GOBpOUadl 10,

<«)"«» / 1" • • itra|r«B» p*

, , COHCmTUTIOH ^. ,CAI miKHilki , ,_in w-t .U H l i k _- _1& f«*l

1H-U-* u f / l ( c ) O . O S U ( d )
J I -89-^ u|/l
J19-S5-7 u|/l
7t>*»-| u f / t
]lt-l*-» u|/ 1
104-40-2 J f / l
103b-)7-l a§/ I
1D-H-7 u t / l
W-J'-l ut/1
TJ-JS-* iif/1
71-20-1 u«/l
11S-H-7 u i /L
71-H-l u«/l
)0-29-) u « / k
7fcll-t)-* u«/ L
10)1-07-1 ut/1
71-4J-J uc/i
J7-74.-9 u f /1
•001-D-2 u|/t
1147k-! 1-1 u»/ 1
L1104-1I-1 uf/ 1
HU1-16-5 u f / l
51^69 "21"^ u*/ L
1 24 T 2 "2 9*^ **A^ L
1 1QV7~69"1 ^4/ ^
11096-BZ-) u«/l

ctio Ch^ittl Akilr»cti ladtK.

l i l t r or p«rti p«r b i l l ion (f|

O.OSU
0.0)U
O . O J U
0.0)U
O.OSU
0.0)0
0.0)0
O . I O U
O.IOU
O . I O U
O.IOU
O.IOU
O . I O U
O.IOU
O. IOU
0 SOU
o.iou

.ou
-OH
.ou
.ou
.ou
.ou

l . O U
l . O U

B U K t M fro*

NU-J .
11 <••(

O . O S U
O . O J U
O . O J U
O . O J U
O . O J U
O . O J U
0.0)0
0.0)0
O . I O U
0. IOU
O . I O U
O . I O U
O.IOU
O . I O U
O.IOU
O . I O U
o.sou
O.JOU

L . O U
l . O U
1 -00
l . O U
1 00
1 .OU
1 .OU
l . O U

Apr 1 1 » , 1
it* <CA1)

16 f*«t 17 f««t

O . O J O 0.0)0
0 0)U
0.0)U
0 OJU
0 .05U
0.0)0
0 OJO
0.0)0
O . I O U
O. IOU
O . L O U
0 IOU
O.IOU
O . I O U
O . I O U
O . I O U
O.SOU
O . S O U

l . O U
L . O U
l.OU
1 - O U
l . O U
l .OU
1 .00
l . O U

91) to

0.0)0
0.0)U
0.0)0
O . O J U
0.0)0
o.oso
0.0)0
O . I O U
O . L O U
O . L O U
O . I O U
O.IOU
O . L O U
O . I O U
O . I O U
O.JOU
o.sou

.ou

.ou

.ou

.ou
.OU
.ou

l .OU
l . O U

Apr i l 11. 1*
u«*4 [or cl

I* fMt

O.OM
0.0)0
O.OIU
0.0)0
O.OSU
0.0)0
0.0)0
0.0)0
O . I O U
0.100
O . L O U
O . I O U
O . I O U
0 100
O . I O U
O . I O U
O.JOU
o.sou
l . O U
1.00
l.OU

.ou

.ou

.00

.ou

.ou

O.OiU
O.OSU
O . O J U
0 0)0
0.0)U
0.0)0
O.OJU
O . O J U
0.100
0.100
0.100
O . I O U
O . I O U
O . I O U
O . L O O
O . L O U
O . J O O
o.sou
l . O U
1.00
1.00
l . O U
L . O U
1 OU
l . O U
l . O U

th«



TABLE D-S

or cmnAL CHKMICAL USULTS
JULY 1985 SBCOMD QUAITEU.Y CBOUND WATEt MONITOKIHC(a)

A1CO CUOUCAL COMPANY
CHAMWUTTVM, OHIO

SAMPLE IDENTIFICATION

PARAMETERS

pH

Specif ic Conductance
Temperature
Cyanide, Amenable
Cyanide, Total

Fluoride

Nitrate

Total Organic Carbon (TOO
HetaUt

Chromium, Heiavalent

Chromium, Total
Iron
Manganese
Selenium

CONCENTRATION
UNITS

pH Unit*

umhot/cm C 25*C

•c
«t/l(b>

m«/l

•«/l

•I/I

••/I

f/l
a«/l

•t/L
•«/!

•«/l

NW-1
29 feet

7.05
500

IS

0.02U(c)

0.02U

0.1

2.9

4

O.OIU

O.OIU

0.39

0.09

O.OIU

MV-1
37 feet

6.92

S10

IS

0.02U

0.02U

0.1

4.4

HD(d)

O.OIU

O.OIU

0.4S

0.07

O.OIU

MH-2
23 feet

6.70

660

14

0.02U

0.07

0.2

3.3

7

O.OIU

O.OIU

0.07

2.2

O.OIU

MM- 2
37 feet

6.65

790

16

0.02U

0.11

0.2

3.6

ND

O.OIU

O.OIU

0.09

2.6

O.OIU

MU-3
24 feet

6.92

780

16

0.02U

0.02U

1.8

8.2

S

0.13

0.11

0.03

l.S

O.OIU

MU-3
37 feet

6.90

800

16

0.02U

0.06

1.8
6.1

ND

0.13

0.1)

0.04

l.S

O.OIU

NU-4
17 feet

6.9S

1100

IS

0.02U

0.17

8.7

0.7

6

O.OIU

O.OIU

4.)

2.3

O.OIU

NU-4
37 feet

7.15

1000

IS

0.04

0.21

8.6

0.2

ND

O.OIU

O.OIU

4.3

2.3

O.OIU

MM- 5
18 feet

7.10

700

18

0.02U

0.07

3.8

0.4

7

O.OIU

O.OIU

0.09

3.2

O.OIU

KW-5
37 feet

7.05

700

18

0.02U

0.05

3.7

0.2

ND

O.OIU

O.OIU

0.09

3.3

O.OIU

O
O
O
O
M*
CO
00



PARAMETERS

pH

Specific Conductance
Tenperatur*
Cyanide, Aaenable
Cyanide, Total
Pluoride
Nitrate

Total Organic Carbon (TOC)
Hetali:

Chroaiuat, He*avalent

Chroniuai, Total

Iron

Manganese
Seleniua

TABU D-S
(Coat iaued)

CONCENTRATION
UNITS

pH Unit!

uahoa/ca £ 2i'C

•c
•*/l

••/I
ag/1

••/I

ag/1

1/1
••/I

••/I

t/l
aft/1

MU-6
25 feet

7.00

510

MD

0.02U

0.02U

0.1

5.0

3

0.01U

0.01U

0.01U

0.01U

o.oiu

HU-6
37 feet

6.90

560

13

0.02U

0.02U

0.1

5.6

MD

O.OIU

O.OIU

O.OIU

O.OIU

O.OIU

My- 7
17 feet

6.70

1350

20

0.02U

0.02U

2.0

6.4

3

0.10

0.05

O.OIU

O.OIU

O.OIU

SAMPLE IDENTIFICATION

NW-7 HU-8 MW-8
37 feet 22 feet 37 feet

6.80

1040

20

0.02U

0.02U

2.2

7.4

ND

0.10

0.05

O.OIU

O.OIU

O.OIU

6.90

510

16

0.02U

O.D2U

0.1

o.a
2

O.OIU

O.Q1U

O.OIU

0.16

O.OIU

6.80

340

16

0.02U

0.02U

0.1

0.1U

MD

O.OIU

O.OIU

O.OIU

0.18

O.OIU

MW-9
17 feet

6.90

700

15

0.10

0.10

3.6

2.0

5

0.14

0.10

0.05

0.26

O.OIU

NU-9
37 feet

6.90

680

14

0.02

0.08

4.8

1.5

ND

0.10

0.06

0.04

0,60

O.OIU

PW-4
PUHP zone

7.00

600

15

0.02U

0.02U

0.1

0.4

2

O.OIU

O.OIU

0.27

0.43

O.OIU

PW-5
PUHP ZONE

7.45

550

14

0.02U

0.02U

0.1

0.2

2

O.OIU

O.OIU

O.J5

0.61

O.OIU

(a)Second quarter ground water aonitoring •••pies were collected froa July 30, 1985 to July 31, 1985.
(b)Hag/l" • »illigr«M per liter or parti per Mill ion (pp«).
(c)"U(> • analysed for but not detected. The corresponding nuaber represent! the acthod detection liait for the
U)"ND" indicate! not deterained.

o
o

CD
O
O



SUMIUT Of 90LATIU •AZAUOW 8OBSTAJKI LIST
OHVOUHO USULT*

JVLT i<M) sicom quABntLf caouu MATU KMITOB iacU)
ABCO CMUICAL COSTAM

<MIO

SAMPLE IDCNTinCATlOM

rAUMETMS

Acetone
Ac ralein
At.ryl0niirilt
lenicne
tromotorm
2-lut•none
Carbon dieulfide
Carbon tetrtthloridt
Chlorobentene
ChloradibnMOMlhane
ChloroettiMe
2-Chloroeihylvinyi ether
Chloroform
DiLhlorobroeMMthMt
1,1 -Dichlorotthwit
l,2-Dichloroeth*Me
1.1 -Dichloro«thyl«»
1.2-DichloropropM*
1.3-DichIoropropyltat
Cthylbent*a*
1-He*anone
He thy I broaidc
Methyl chloride
Hethylene chloride
4 - He I h y I -2 - pea I •aorte
Styrene
1,1,2,2-TelreLhloroethene
Teir«chloro«thyltn«
Toluene
trenc'l.2-Oichloroethyltat
1.1.1-Trichloroethtae
1.1.2-Trichloroelh»ne
Tr ichloroethyleae
Tr ic h I oro f I uorae
Vinyl ecetcte
Vinyl chloride
Total • ylene(e)

CAS NUHUR(b)

67-44-1
107-02-•
107-13-1
71-43-2
15-24-1
78-93-3
75-15-0
56-23-5
101-90-7
1 2*-48-1
75-00-3
110-75-8
47-**-)
75-27-4
75-34-1
107-04-2
75-35-4
78-81-5
542-75-*
100-41-4
591-78-6
74-81-9
74-17-3
75-09-2
108-10-1
100-42-5
79-34-5
117-18-4
108-88-3
156-60-5
71-55-6
79-00-5
79-01-6
75-69-4
108-05-4
75-01-4
I13O-O-27

CONCENTRATION
UNITS

UJ/I

u(/l
u»/i
ug/l
m/i
u(/l
14/1

ug/l

og/l

1*1/1
14/1

ug/l

ug/ I

HU-1,
29 Uet

IOU(d)
IOU
IOU
.ou
.01)

IOU
.ou
.ou
.ou
.ou
.ou

IOU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU
IOU
IOU
IOU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou
IOU
IOU
I.OU

HW-2.
21 feel

IOU
IOU
IOU
.ou
.ou
IOU
.ou
.ou
.ou
.ou
.ou
IOU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU
IOU
IOU
IOU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU

I.OU

«U 3.
24 feet

IOU
IOU
IOU
.ou
.ou

1011
.ou
.ou
.ou
.ou
.ou

IOU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU
IOU
IOU
IOU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU

I.OU

W-4.
17 feet

IOU
IOU
IOU

ou
ou

IOU
.ou
.ou
.ou
.ou
.ou

IOU
.ou
.ou
.ou
.ou
.ou
.Oil
.ou
.ou

IOU
IOU
IOU
IOU
IOU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU
I .OU

18 feet
m -*.

25 feet
Mi-7.

17 feet 22 feet
Ml-9.

i; fett W-4

IOU
IOU
IOU
.ou
.ou

IOU
.ou
.ou
.ou
.ou
.ou

IOU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU
IOU
IOU
IOU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU

I.OU

IOU
IOU
IOU
.ou
.ou

IOU
.ou
.ou
.ou
.ou
.ou

IOU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU
IOU
IOU
IOU
-OU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU
I.OU

IOU
IOU
IOU
.ou
.ou

IOU
.ou
-OU
.ou
.ou
.ou

IOU
.ou
.ou
-OU
.ou
.ou
.ou
.ou
.ou

IOU
IOU
IOU
IOU
IOU
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU
.ou

IOU
IOU
IOU
.ou
.ou

IOU
.ou
.ou
ou

.ou

.ou
IOU
.ou
-OU
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU
IOU
IOU
IOU
.ou
.ou
.ou
.ou
.ou
.ou
.(HI
.ou
.ou

IOU
IOU
.ou

IOU
IOU
IOU
.ou
.ou

IOU
.ou
.ou
.ou
.ou
.ou

IOU
I.I
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU
IOU
IOU
IOU

ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou
.ou

IOU
IOU
.ou

IOU
IOU
IOU

ou
.ou

IOU
.ou
.ou
.ou
.ou
.ou

IOU
ou

.ou

.ou

.ou

.ou

.ou

.ou

.ou
IOU
IOU
IOU
IOU
IOU
-OU
.ou
.ou
.ou
-OU
.ou
.ou
.ou
.ou

IOU
IOU
.ou

IOU
IOU
IOU
-OU
.ou

IOU
ou
.ou
-OU
.ou
.ou

IOU
.OU
.ou
.ou
.ou
ou

.ou
ou

-OU
1011
IOU
IOU
IOU
IOU
.ou
.ou
.ou
.Ou
.ou
.ou
.ou
ou
ou

IOU
IOU
.ou

(a)Second quarterly (round wtter •onitocinf. •Mpl«» **rc collected fro* July 30, 1985 to July II, 1985.

(b)Th« niMbvr* preeented in thi* col tan tre the Che»icel Abstract* Service (CAS) nuMbert weed for ctttloginf the indicated torn found* in the Cheviot A fee tca t te
Index.

d)"ug/I" - •icro»r««e pec liter or pert* per billion (ppb).

(<J)"U" - MtlytKd for but not detected. The corresponding nuaber repreaente the •ethod detection liait for the «Mple.

(« )To l * l »ylene include* the orlho-. •«!«-. and p«r*-*y)ene i*on«r*
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TAIL! 0-1

SUIMAIY or cnauu. CHEMICAL USULTS
NOVEMBER 1Mb THIRD QUARTERLY CBOUND UATB HOHlTOftlMC(a)

ARCO CHDIICAL COMPANY
CMADEUUinTEH, OHIO

SAMPLE IDENTIFICATION

PARAMETERS

SpcciCic Conductance

Temperature

Cyanide Amenable

Cyanide, Total

Fluor idc

Nitrate

Total Organic Carbon

Total Organic Halogen

Metal i t

ChroniuB, Hexavalent

Chromua, Total

Seleniiai

CONCENTRATION
UNITS

pH Units

whoa/c* « 25'C
* CeUiu«

auj/l(c)

•B/ 1

"./I
^/l NOj-N

•«/'

••/I

-M

../I

•ft/1

MM- 1
27 feet

7.30

480

IS

0.02UU)

0.02U

0.1

2.4

1U

ND

0.01U

0.01U

O.OOIU

MU-1
37 feet

7.35

400

IS

0.02U

0.02U

0.1

1.3

ND

HD

0.01U

0.01U

O.OOIU

HW-2
23 feet

7.10

590

IS

0.02U

0.03

0.1

5.0

3

ND

0.01U

0.05

O.OOIU

HU-2
37 feet

7.05

620

IS

0.03

0.03

0.1

4.8

HD

HD

0.01U

0.01U

O.OOIU

MH-3
23 feet

6.75

1230

18

0.02U

0.23

4.0

3.0

12

NO

0.02

0.04

O.OOIU

MM- 3
37 feet

6.75

1300

18

0.37

0.47

4.4

2.7

HD

HD

0.01

0.03

O.OOIU

Ntl-4
17 feet

7.05
910

17

0.02U

0.09

8.3

0.1U

5

0.06

0.01U

0.01U

O.OOIU

NW-4
37 feet

7.00

910

ND(b)

0.05

0.08

8.2

0.1U

ND

ND

0.01U

0.01

O.OOIU

17 feet

7.20

730

ND

0.02U

0.08

3.6

0.1U

4

O.QiU

0.01U

0.01U

O.OOIU

HW-5
37 feet

7.20

800

HD

0.02U

0.05

3.7

0.1U

ND

ND

0.01U

0.01U

O.OOIU

o
C-c*

CO
CO
CO



PARAMETERS

pH

Specific Conductance
Temperature

Cyanide Amenable
Cyanide, Total
PIuoride
N i t r a t e
Total Organic Carbon

Total Organic Halogen

Metals:
Chromi um, Heiavalent

Chromium, Total

Selenium

TABU 0-8
(Continued)

SANPLE IDENTIFICATION

CONCENT! AT ION
UNITS

pH Units

umhos/cm § 25"C

* Celsius

mg/l(c)
m,/l

mg/l

mg/l NOj-N

-8/1

•./i

mg/l

mg/l

mg/l

HU-6
27 feet

7.30

400

ND

0.02U

0.02U

0.1

6.4

2

ND

0.01U

0.01U

O.OOIU

HU-6
37 feet

7.25

450

16

0.02U

0.02U

0.1

6.6

'ND

ND

0.01

0.01U

O.OOIU

HW-7
17 feet

7.05

680

16

0.02U

0.02U

2.3

7.2

2

0.05U

0.08

0.06

O.OOIU

HU-7
37 feet

7.10

710

16

0.02U

0.02U

2.3

7.3

ND

ND

0.07

0.06

O.OOIU

HW-B
20 feet

7.17

525

14

0.02U

0.02U

0.1

1.6

2

0.06

0.01U

0.01U

O.OOIU

HM-8
37 feet

7.20

600

14

0.02U

0.02U

0.1

1.0

ND

ND

0.01U

0.01U

O.OOIU

HU-9
17 feet

7.00

720

18

0.02U

0.05

7.2

1.0

3

0.05U

0.10

0.10

O.OOIU

HW-9
37 feet

7.00

810

18

0.02U

0.03

7.2

1.0

ND

ND

0.10

0.08

O.OOIU

PM-4

7.80

560

16

0.02U

0.02U

0.1

0.1U

1
ND

0.01U

O.OIU

O.OOIU

PH-5

7.55

4 BO

16

0.02U

0.02U

0.1

0.1U

1
ND

O.OIU

O.OIU

O.OOIU

SURFACE WATtR
OUTFALL NO. 2

ND

HO

ND

HI)

ND

ND

ND

ND

ND

ND

O.OIU

O.OOIU

(•)Third quarterly (round water Monitoring samples were collected from November 4, 1985 to
November 5, 1M1.

(b)"ND" • the indicated parameter was not determined.

(c)"«g/L" • •illi(ra«a per liter or part* per million (ppm).

(d)"U" • analyxed for but not detected. The corresponding number represents the method detection limit for the sample.
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TABLE D-9

SUMMARY OP POLYCHLORIMATED BIPHEHYL RESULTS
VOVEMBER 1985 THIRD QUARTER GROUND WATER MOlUTORIliC(a)

ARCO CHEMICAL COKPAMY
GHADEMHUTTEH, OHIO

POLYCHLORINATED BIPHENYLS
SAMPLE IDENTIFICATION

uf/Kb) SOURCE AROCLOR(c)

MW-4, 17 feet l.OU(d) —<«)
KW-5, 17 feet l.OU
MW-7, 17 feet l.OU
MW-8, 20 feet l.OU
HH-9, 17 feet l.OU

(a)Third quarter ground water monitoring samples were collected from
November 4, 1985 to November 5, 1985.

(b)"ug/l" m micrograms per liter per parts per billion (ppb).
(c)The indicated commercial aroclor mixture represent! the source of the

polychlorinated biphenyl contamination and the standard used for instrument
calibration and analysis. All samples were screened for Aroclors 1016,
1221, 1232, 1242, 1248, 1254, and 1260 to determine which aroclors are
present in the sample and, therefore, should be used for instrument
calibration.

(d)"U" indicates that the compound was analyzed, but not detected. The
corresponding number represents the method detection limit for the sample.

(e)"-" indicates that polychlorinated biphenyls were not detected in the
corresponding sample. Therefore, no source aroclor is given.



TABLE D-10

SUMMARY OP GENERAL CM DUCAL RESULTS
JAM!AIT 1986 FOURTH QUARTER CROWD VATO HOHITORlNC(a)

ARGO CHEMICAL COMPANY
CMAPENttUTTKM, OHIO

SAMPLE IDENTIFICATION

PARAMETERS

pH

Specific Conductance
Temperature
Cyanide Amenable
Cyanide, Total
Fluoride
Nitrate
Total Organic Carbon
Total Organic Halogen

Metali:
ChroautM, Heiavalent

Chroauua, Total

Selenitai

CONCENTRATION
UNITS

pH Unit*

umtiomjcm £ 25'C

•c
••/Kb)

*g/l
•«/l

•C/1 N03-N

.g/I

.g/l

•g/1

M/l

•g/1

MU-1
22 feet

7.10

981

10

0.02UU)

0.02U

0.1

3.4

4

ND

0.01

0.01U

0.001U

MH-1
37 feet

7.25

B2S

12

0.02U

0.02U

0.1

2.9

HD(d)

ND

0.01U

0.01U

0.001U

HU-2
20 feet

7.00

1,610

12

0.03

0.21

O.S

4.2

11

ND

0.01U

0.02

0.001U

HU-2
3; feet

7.00

1,849

12

0.04

0.27

0.)

3.0

HD

ND

0.03

0.02

0.001U

MM- 3
22 feet

6. BO

1.716

12

0.02U

0.2)

6.0

5.9

U

ND

0.04

0.02

0.001

MM- 3
3/ feet

6.80

1,596

12

0.16

0.33

5.9

5.4

HD

HD

0.03

0.02

0.001U

MV-4
15 feet

7.05

2.416

11

0.02U

0.17

7.3

0.2

15

0.05U

0.01

O.OIU

0.001U

My- 4
37 feu

7.10

2,389

11

O.Q2U

0.13

7.4

0,2

ND

ND

0.01

O.OIU

0.001U

My-5
15 feet

7.25

1,107

10

0.09

0.09

3.4

0.1U

5

0.12

O.OIU

O.OIU

0.001U

My-5
37 feet

7.30

1,064

12

0.02U

0.12

3.b

0.4

ND

ND

0.01

O.OIU

0.001U

CD
CD



PARAMETERS

pH

Specific Conductance
Temperature
Cyanide Amenable
Cyanide, Total
Fluoride
Nitrate
Total Organic Carbon

Total Organic Halogen

Hetalai
Chromium, Heiavalent

Chromium, Total

Seleniua

TABLE D-10
(Contioued)

CONCENTIAT10N
UNITS

pH Units

umhoi/cm 0 25'C

•c
•a/i
•g/i
•g/i

mg/l NOj-N

mg/l

mg/l

-ft/1

Wft/1

•8/1

HU-6
23 feet

7.20

967

10

0.02U

0.02U

0.1

a. 2
3

ND

0.01

0.01U

0.004

HU-6
37 feet

7.20

942

11

0.02U

0.02U

0.1

a.i
ND

HD

0.01U

0.01U

0.004

HU-7
17 feet

7.20

1,624

11

0.02U

0.02U

2.6

3.4

2

0.07

o.oa
0.04

0.001U

SAMPLE IDENTIFICATION
NM-7 HU-fl HU-8

37 feet 20 feet 37 feet

7.20

1,596

12

0.02U

0.02U

2.6

3.2

ND

ND

0.05

0.04

0.001U

7.20

915

11

0.02U

0.02U

0.1

0.9

5

0.06

0.01U

0.01U

0.001U

7.10

945

12

0.02U

0.02U

0.2

0.7

ND

HD

0.01U

O.OIU

0.001U

MM- 9
15 feet

7.20

1,160

11

0.02U

0.15

7.1

1.0

7

0.06

0.13

0.11

0.001U

NH-9
37 feet

7.20

1,160

11

0.02

0.18

7.0

1.0

ND

ND

0.13

0.11

0.001U

PU-4
PUMP ZONE

7.60

1,107

10

0.02U

0.02U

0.1

0.1

3

ND

0.02

0.02

0.001U

py-5
PUMP ZONE

7.50

1,121

10

0.02U

0.02U

0.1

0.1U

4

ND

O.OIU

O.OIU

0.001U

(a)Pourth quarter ground water monitoring samples were collected from January 29, 1986 to January 30, 1966.

<b)"mg/l" • milligram* per liter or parts per Million (ppm).

{c)"U" " analysed for but not detected. The corresponding number represent* the method detection liaiit for the sample.

(d)*'ND" indicates not determined.
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TAIL* D-ll

SUMHUT Or CEHUL CHHICAL RESULTS
NOVEHMM 1986 PUUL QJUUTER GROUND UATEI HOHITOBlHC(a)

ARCO CHBN1CAL COW ANT
OUOBNHUTTIN. OBIO

PARAMETERS

pH

Specific Conductance i

Temperature

Cyanide, Total

Fluor ide

Nitrate

(fctala:

Altaiintai

Araenic

Bar iu*

Cad«i UB

ChroauuB, Heiavalenl

Chroau *m. Total

Copper

Iron

Lead

Hang an* »

Mercury

S*l«ni«l

Silver

Zinc

CONCENTRATION
UNITS

pH Unit*

Mhoa/CM 9 25*C

•c
M/l<°>

•8/1

•8/1 *»3-N

•8/1

•B/l

•|/i

"8/>

-8/1

•8/1

•8/1

•8/ '

•8/ '

•8/ '

«S/ 1

•B/ 1

•B/l

•8/1

HU-I
27 ft

6 .7

BOO

10

0.02U(d)

O.IU

3.6

O.IOU

O.OIOU

O.OB6

0.005U

O.OIU

O.OIOU

O.OIOU

0.051

0.005U

0.054

0.0002U

0.005

O.OIOU

0.024

NW-I
37 ft

6.7

800

10

0.02U

0.1

3.8

O.IOU

O.OIOU

0.085

O.OOMJ

O.OIU

O.OIOU

O.OIOU

0.064

0.005U

0.041

0.0002U

0.00 Mi

O.OIOU

0.096

MH-2
23 f t

6,7

1,425

12

0.17

0.3

2.8

O.IOU

0.010

0.030

0.005U

0.03

0.015

O.OIOU

0.11

0.005U

2.5

0.0002U

O.OOMJ

O.OIOU

0.065

HU-2
37 fl

6.7

1,400

12

0.13

0.3

2 .7

O.IOU

0.014

0.028

0.005U

0.03

0.018

O.OIOU

0.096

O.OOMJ

2.3

0.0002U

O.OOMJ

O.OIOU

0.12

HW-3
24 ft

6.55

1,890

12

0.28

6.4

4.0

O.IOU

O.OIOU

0.033

O.OOMJ

0.01

0.012

O.OIOU

0.18

O.OOMJ

3.9

0.0002U

0.00 Ml

O.OIOU

0.22

HU-3
37 ft

6.55

1.850

12

0.21

5.6

4 .3

O.IOU

O.OIOU

0.032

0.005U

0.05

O.OIOU

O.OIOU

0.21

O.OOMJ

3.5

0.0002U

O.OOMJ

O.OIOU

0.14

NU-4
20 (I

6.75

1,700

12

0.25

6.0

1.7

O.IOU

O.OIOU

0.039

O.OOMJ

O.OIU

O.OIOU

O.OIOU

3.9

O.OOMJ

2.9

O.OOO2U

O.OOMJ

O.OIOU

0.019

Mf-4
37 ft

6.75

1,495

12

0.14

6.4

1.4

O.IOU

O.OIOU

0.040

O.OOMJ

O.OIU

O.OIOU

O.OIOU

3.9

O.OOMJ

3.0

0.0002U

O.OOMJ

O.OIOU

0.13

19 ft

6.55

1,505

12

0.11

3.5

0.3

O.IOU

O.OIOU

0.050

O.OOMJ

O.OIU

O.OIOU

O.OIOU

0.26

0.005

2.4

0.0002U

0.012

O.OIOU

0.085

NU-5
37 ft

6.55

1,490

12

0.12

3.B

0.3

O.IOU

O.OIOU

0.056

0.005U

O.OIU

O.OIOU

O.OIOU

0.21

0.006

2 .7

0.0002U

0.013

O.OIOU

0.092

r->

See footnotes at end of table. O
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TAIL* »-ll
(Continued)

PARAMETERS

pH

Spec i f ic Conductance

Temper at ure

Cyanide. Total

f \ uo i i d e

Ni t rate
Metal a:

Aluminum

Ar ten i c

Bar tt««

Cad*iiai

Ch rom i uoi , He x av a 1 en I

Chromium. Total

Copp«r

Iron

Lead

Hanganeae

Her cor y

Seleni urn

Silver

Zinc

CONCENTRATION
UNITS

pH Uniti

umhoi/ca 9 25*C

•c
mi/ lib)

•g/l

•g/l H03-N

•8/1

•1/1

-8/i
-«/'

•8/1

•8/1

•8/1

•8/1

•8/1

M/I

•8/1

•8/1

•8/1

•8/1

HU*6
26 ft

6.8

820
10

0.02U

0.1

6.4

O.lOtl

0.010U

0.067

0.005U

0.01U

O.OIOU

O.OIOU

0.025
0.005

o.ooiu
0.0002

o.oosu
O.OIOU

0.039

HM-6
37 ft

6.8

800

10

0.02U

O.I

6.6

O.IOU

O.OIOU

0.069

o.oosu
0.01U

O.OIOU

O.OIOU

0.020

0.006

O.OOMJ

0.0002U

0.00 Ml

O.OIOU

0.069

MU-7
17 ft

6 .7

1,295

17

0.02U

2.4

1.0

O.IOU

0.013

0.046

0.005

0.03

0.024

O.OIOU

0.024

O.OOSU

0.007

0.0002U

0.006

O.OIOU

0.097

HW-7
3 7 . 5 f t

6.7

1,220

17

0.10

2.4

0.6

O.IOU

0.012

0.044

O.OOSU

0.01

O.OIOU

O.OIOU

0.018

O.OOMJ

0.019

0.0002U

0.007

O.OIOU

0.093

HU-8
23 ft

6.7

1,010

11.5

0.09

O.I

0.9

O.IOU

0.018

0.084

0.005U

0.03

O.OIOU

O.OIOU

0,022

0.005U

0.14

0.0002U

0.008

O.OIOU

0.044

tmU-ftnw o

37 ft

6 .7

900

11.5

0.02U

0.1

0.3

O.IOU

O.OIOU

0.081

0.00 Ml

O.OIU

O.OIOU

O.OIOU

0.019

0.005U

0.15

0.0004

0.005

O.OIOU

0.10

HU-9
16 ft

6.4

1.210

12

0.06

4.0

0.7

O.IOU

O.OIOU

0.069

O.OOMJ

0.06

0.040

O.OIOU

0.090

0.005U

0.16

0.0004

0.00 Ml

O.OIOU

0.059

NM-9
37 ft

6.4

1,160

12

0.05

3.9

1.2

O.IOU

O.OIOU

0.070

0.00 Ml

0.06

0.036

O.OIOU

0.068

0.005U

0.13

0.0002U

O.OOMJ

O.OIOU

0.11

PU-4

7.2

NDU)
12

0.02U

0.1

O.IU

O.IOU

0.028

0.20

0.00 Ml

O.OIU

O.OIOU

0.010

1.2

0.005U

0.75

0.0002U

0.008

O.OIOU

0.032

PU-5

6.8

890
10

0.02U

O.I

O.IU

O.IOU

O.OIOU

0.036

0.005U

O.OIU

O.OIOU

O.OIOU

0.21

0.005U

0.62

0.0002U

0.007

O.OIOU

O.OIOU

(a)Samplea were collected for November IB, 1986 to November 20, 1986.

(b)"mg/l" equal* mi digram* per l iter or part* per Million (ppm).

(c)The indicated ipecific conductance value waa not determined.

(d)"U" indtcait* that lh« compound wa« anal y ted but not d e t e c t e d . The torreapondin8 ataiber repreaenta the method detect ion l imit for the aanple
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ooouaooo
TtlLI »-ll

lowun or tourtu warm* tmrtuct LIST
I.UWLJUM USDLT1

I«M ruut gBuni aoon WATU mnoiiBe<«)
uco CVHICAL carur

_ CAJ MG1JT1T
FAAMCTU1

atorwtiiM
ItramiTT-"-
Vi*yl Chl«t4t
Chl*ro«thM*
MthyltM Chtartd*
ta«tM«
Cflf*«« Di«wl lid*
1 , i -Oichl»r*«ih«««
1 ,l-0ichlara«thw«
ttMt-l ,2-Oicblaro«tM«i
Chlorate**

1 .1,1 -Trie ftloro«>i«o«
Cirto* T«tr«e«Uorid«
VkATl *C*t>tl
traao* ichloroMt bn*
1 1-OkcnioroproMnt
trM*- 1 ,1-DictiloropropMM
Tr icMoroitMn*
OkbroMcntoroMtitin*
1 , 1 ,2-Tr icnlotoMtn«n«
hnt*at
c >*-l ,3'Dichloroffap«n«
I-ChlorMt»f l*i«»l«tn«r
Imofora
4-Mtn?l-2-P*ntAnon*
2-tl**«non«
T«trKnloro«tti«n«
l.l,l.I-T«tr«Ehl«rMih«n«
ToU*n«
Ch lorobmi*n*
Ethylbmin*
It 7T«Bt

T.t.iirt,...,)

(•)$•**!•• Mr* eal l tccM fro*

•UNUKb)

74-17-1
74-|J-»
TS-OI-*
71-00-3
7S^)«-I
*T-4*-l
7S-H-0
7S-JS-*
7S-1A-1
1S4-40-S
4J-44-1

71-11-1
M-SS-4
S4-»-l
IOIMJI-*
JS-17-*
71-1 7 -S
100il-02-4
71-01-*
124-^1-1
r*-oo-s
71-^1-1
100*1-01-01
1 10-71-1
'S-15-2
Itl*7l-4
10«'10-1
127-11-4
79-14-1
10I-U-3
1 01-90 -T
100-41-4
100 -43 -I
13)0-20-7

*>*••»« 11.

COIKtITKATlOl) W-l
UNIT1(<> 27 ft

4/1 100(4)
4/t 10U
4/1 100
4/1 10U
4/ 1 Did)
u|/l 131
4/1 SU
4/ 1 SO
4/1 Ml
4/1 SO
4/1 SU
4/1 SO
4/ 1 100
4/ 1 SU
4/1 SU
4/L . 100
4/1 SU
4/ t SO
4/ 1 SU
4/1 SU
4/1 SU
4/ 1 IU
4/ 1 SU
4/ 1 I"
4/1 100
4/1 SU
4/1 100
4/1 10U
4/1 SU
4/1 ' SU
4/1 I.1JI
4/1 SU
4/ 1 2 .OJ1
4/1 l.UB
4/1 t.ll

HI* to Ne«>BB*r 20. IMt.

CM Ch^kcil Abttraett I«r*t

«I-I
21 ft

100
10U
LOO
10U
|7|
1SB
SU

)-*J
SU
IU
SU
so
too
SU
IU
10U
SU
IU
IU
SU
IU
SU
1U
SU

10U
Ml

10U
100
SU
SU
SU
SU
IU
SU

1.TJ1

wr-1
14 ft

10U
tou
1 00
10U
141
**•
SU
IU
so
so
so
SU

too
IU
SU
100
SU
SU
so
SU
SU
SU
HI
SU

100
IU

100
10U
SU
SU
SU
SU
SU
so
HI

W-*
20 ft

too
100
100
10U
111
HI
so
Ml
SU
Ml
SU
HI
too
SO
SU
100
SU
HI
SU
IU
SU
IU
SU
SU

100
HI

100-
*.XJ
IU
IU
Ml
SU
Ml
VI

1.1J1

w-s
1* ft
100
100
100
100
III
111
SU
SU
so
so
SU
SU
100
HI
SU
100
Ml
SU
M)
SU
SU
SU
SU
SU

100
SU

100
100
so
SU
SU
so
SU
so

l.tJB

w^
H (t

100
100
100
100
III

m-i
11 f(
100
100
100
100

1, 11
7.4JI(f) III

1.4J
SU
so
so
so
100
1. 11
so
too
so
so
so
MT
SO
SU
so
SU

too
SU
100
too
so
M

l.OJ
so
MT
so

l.tJl

SO
Ml
so
SU
so
SU

100
SU
so
10U
SU
SU
SU
SU
Ml
SU
SU
SU
100
so

too
10U
SO
so
so
SU

l.OJ
l.OJ

1.SJ1

llo«in|

l»4

m-t
13 ft

100
too
100
10U
I 11
m
SU
SU
SU
Ml
so
SU
100
SU
Ml
100
HI
so
SU
SU
SU
SU
IU
SU

100
SU
100
l.u
HI
SU
HI
Ml

1.1J
1.IJ
1.6JI

*-*
1* ft

ton
100
10U
10U

T.Ot
It!
SU
IU
HI
so
so
SU

100
SU
SU
tou
IU
SU
so
SU
Ml
SU
HI
SU

100
SU
100
too
SU
SU
so
MI
H)
MJ
W

FV-*

100
10U
IX
10U
IS!
1401

SU
SU
SU
SU
SU
SU
too
SU
HI
100
IU
SU
SU
SU
SU
SU
SU
SU

100
so

).sj
100
1. LI
H
i.i
SU
SU
so
111

w-s

100
100
100
IOU
l.t*
I.«JI
1.1J
IU
SU
SU
so
SU
IOU
IU
IU
tou
IU
SU
SU
SU
IU
IU
SU
SU
tou
SU
IOU
100
IU
SU
IU
SU
SU
SU

1.4JI

limit tar th«
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TABU D-14

SUMMARY OF PBSTICIK •AZARDOOS SUBSTANCR LIST
COMFOtMD RESULTS

NOVEMBER 196* FIMAL QUARTU CBOUND MATBI HOIUTOR INC( •)
AICO CBBNICAL COMPANY

OIADBNHUTTBH. OHIO

PARAMETERS

aJpha-BHC
beta-BHC
dvlia-BHC
g*»a BHC( L i nd ane)
He pi act) lor
A l d r i n
Kept at hi or epox ide
E n d o a u l f a n 1
Dit- I d r i n
4,4'-DDE
Endrin
Endoaulf*n II
4,4'-DDD
Endoaulfan au l fa te
4,4'-DDT
Hethoxychlor
Endr in ketone
Chlordane
Toxaphene
Aroctor 1016
Arotlor 1 2 2 1
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

CAS REGISTRY
NUMBER (b)

319-84-6
319-85-7
319-86-8
58-89-9
76-44-8
309-00-2
1024-57-3
959-98-8
60-57-1
72-55-9
72-20-8
33213-65-9
72-54-8
1031-07-8
50-29-3
72-43-5
53494-70-5
57-74-9
8001-35-2
12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5

CONCENTRATION
UN1TSU)

UK/I
ug/l
ug/l
ug/l
ug/l
ug/i
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

HW-I
27 f t

0.05U(d)
0.05U
O.OSU
0.05U
0.05U
O.OSU
0.05U
0.05U
0.10U
O.IOU
0.100
O.IOU
O.IOU
O.IOU
O.IOU
0.50U
O.IOU
0.501)
l.OU

0.50U
0.50U
0.50U
0.50U
0.50U
l.OU
l.OU

HU-2
23 ft

0.05U
0.05U
0.05U
0.05U
0.05U
0.05U
0.05U
0.05U
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
0.5OU
O.IOU
0.50U
l.OU

0.50U
0.50U
0.50U
0.50U
0.50U
l.OU
l.OU

HU-3
24 ft

0.05U
0.05U
0.0 5U
0.05U
0.05U
0.05U
0.05U
O.OSU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
0.50U
O.IOU
0.50U
l.OU

0.50U
0.50U
0.50U
O.iOU
0.50U
l.OU
l.OU

HU-4
20 ft

0.05U
0.05U
O.OSU
0.05U
O.OSU
O.OSU
O.OSU
O.OSU
O.IOU
O.IOU
O.IOU
0.1011
O.IOU
O.IOU
O.IOU
o.sou
O.IOU
o.sou
l.OU

o.sou
o.sou
0.50U
o.sou
o.sou
l.OU
l.OU

MW-5
19 ft

O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
0.1 0(1
o.sou
O.IOU
o.sou
l.OU

o.sou
O.SOU
o.sou
o.sou
O.SOU
l.OU
l.OU

HU-6
26 ft

O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
o.sou
O.IOU
o.sou
l.OU

o.sou
o.sou
o.sou
o.sou
o.sou
l.OU
l.OU

HH-7
17 ft

O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
o.sou
O.IOU
O.SOU
l.OU

o.sou
o.sou
o.sou
o.sou
o.sou
l.OU
l.OU

HU-8
23 ft

O.OSU
O.OSU
o.nsu
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
o.sou
O.IOU
o.sou
l.OU

o.sou
o.sou
o.sou
o.sou
o.sou
l.OU
l.OU

HW-9
16 fl

O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.SOU
O.IOU
o.sou
l.OU

o.sou
o.sou
o.sou
o.sou
o.sou
l.OU
l.OU

PW-4

O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.OSU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
O.IOU
o.sou
O.IOU
o.sou
1 01)

o.sou
o.sou
o.sou
o.sou
o.sou
l.OU
l.OU

PW-S

O.OSU
O.OSU
O.OMI
O.OSU
O.OSU
o.nsu
O.OSU
O.OSU
O. IOU
0 . 1 Oil
O.IOU
O.IOU
O. IOU
O.IOU
0 Hill
o.sou
0 . 1 00
O.SOtl
1 .011

o.sou
o.sou
o.Son
o.sou
o.sou
1 .ou
l .OU

(a)S«plea wer« coll acted fr<M Hovmber 10, 1986 to November 20, 1986.

(b)The nunbera pr«M«t*d in thia colunn are the Chemical Abatracta Service Regiatry Hu«bera uaed for cata log ing
the indicated compounds in the Cheaical Ab•tract. Index.

U)"ug/l" equal* aticrograxta p«r l i t e r or parta per b i l l i o n (ppb) .

(d)"U" indicatea that the compound vaa analyzed, but not detected. The corresponding nioiber represent* the
•elhod detection I tail for the aaaple. C'-
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TABLE D-15

SUMMARY OP GENERAL CHEMICAL RESULTS
JANUARY 1987 PINAL QUARTER GROUND HATER MONITORINCU)

ARCO CHEMICAL COMPANY
CNADENUUTTEM, OHIO

PARAMETERS

pH

Specific Conductance

Temperature

Cyanide, Total

iCENTRATION
UNITS

pH Units

tios/c»£25*C

•c
•g/Kb)

MU-1 MU-1
28.8 ft 37 ft

7.0 7.0

700 700

8 9

0.02U(c) 0.02U

MU-2
24.4 ft

6.9

1,000

11

0.18

HU-2
37 ft

6.8

1,000

11

0,23

MU-3
24.6 ft

6.7

1,240

13

0.39

MW-3
37 ft

6.6

1,220

13

0.39,

HU-4
20.8 ft

6.8

930

15

0.05

HU-4
37 ft

7.0

900

15

0.12

MU-5
18.4 ft

6.7

1,650

10

0.70

HU-5
37 ft

6.7

1,250

11

0.50

Netala:

Chroniun, Hexavalent •ft/1 0.01U 0.01U 0.02 0.01U 0.02 0,03 0.01U 0.01U 0.01U 0.01U

See footnote! at end of table.
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TABLE D-15
(CootiDued)

PARAMETERS

pH

Specific Conductance

Temperature

Cyanide, Total

cone arm AT i ON
UNITS

pH Units

umhos/cm425'C

•c
mg/l(b)

MU-6
27.5 f t

6.9

700

10

0.02U

MU-6
37 ft

7.0

650

11

0.02U

NU-7
U.A ft

6.7

710

9

0.02U

HH-7
37 ft

7.2

700

8

0.02U

HU-8
22.7 ft

6.9

625

6

0.02U

HU-8
37 ft

6.7

650

7

0.02U

MW-9
15.3 ft

6.7

625

10

0.02

MW-9
37 ft

6.7

650

10

0.02

PH-4

6.5

725

14

0.02U

PW-5

6.6

750

U

0.021

Hetala:

Chromium, Hexavalent ig/l 0.01U 0.01U 0.01U 0.01U 0.01U 0.01U 0.02 0.01U 0.01U 0 .01U

(a)Samples were collected froai January 27, 1987 to January 29, 1987.
(b)"mg/l" equals mil l igram* per liter or parts per Bullion (ppm).
(c)"U" indicates that the compound was analyzed but not detected. The corresponding number represents the

l imit for tha sample.
ithod detection
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APPENDIX E

EXTRACTION PROCEDURE (EP) TOXICITY
LEACUATE AMALYSIS METHODS DATA
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APPENDIX E

LIST OP TABLES

TABLE NO. TITLE

E-l E.P. Toxicity Leachate Analysis Methods Data, March through
April 1985 Samples, ARCO Chemical Company, Cnadenhutten, Ohio

E-2 E.P. Toxicity Leachate Analysis Method Data, April 1985
Samples, ARCO Chemical Company, Gnadenhutten, Ohio

E-3 E.P. Toxicity Leachate Analysis Methods Data for Metals,
November through December 1986 Samples, ARCO Chemical Company,
Gnadenhutten, Ohio

E-4 E.P. Tozicity Leachate Analysis Methods Data for General
Chemistry, November through December 1986 Samples, ARCO
Chemical Company, Gnadenhutten, Ohio

E-5 E.P. Toxicity Leachate Analysis Methods Data for Metals,
January 1987 Samples, ARCO Chemical Company Company,
Gnadenhutten, Ohio

E-6 E.P. Toxicity Leachate Analysis Methods Data for General
Chemistry January 1987 Samples, ARCO Chemical Company,
Gnadenhutten, Ohio



00002008
TABLE E-l

EP TOIICITY LEACHATE ANALYSIS
METHODS DATA

MARCH THROUGH APftIL 1985 SAMPLESU)
ARCO CHEMICAL COMPANY
CNADENHUTTEM, OHIO

SAMPLE I.D. INITIAL PH FINAL PH
TOTAL VOLUME
ACID ADDED

(ml)

MW-1

S-5
S-9

MW-2

S-l
S-4
S-6

MW-3

S-l
S-3
S-7

MW-4

S-l
S-l Duplicate
S-4
S-10
S-10 Duplicate

MW-5

S-l
S-l Duplicate
S-3
S-7

MW-6

S-4
S-7
S-8

9.10
9.70

8.60
8.60
9.40

8.75
7.00
9.65

8.10
8.20
8.80
9.50
9.60

7.15
7.20
8.70
9.40

9.10
9.30
9.40

5.20
4.80

4.70
4.80
5.35

4.75
5.10
5.00

4.80
4.80
4.90
4,95
5.00

4.90
4.95
4.85
5.10

5.10
5.10
5.05

200
250

200
20
200

225
10
200

160
155
40
200
200

10
10
20
110

125
200
175



TABLE E-l
(Contiaued)

OOU02009

SAMPLE 1.0. INITIAL PH FINAL PH
TOTAL VOLUME
ACID ADDED

(ffli)

MW-7

S-l
S-3
S-5

6.85
8.45
9.20

4.70
4.90
5.25

16
55
200

MW-8

S-3
S-4
S-6

8.45
9.40
9.50

5.10
5.20
5.30

10
25
200

MW-9

S-2
S-3
S-3 Duplicate
S-6
S-6 Duplicate
S-8

20
,70
,60
,80

10.10
9.60

5.10
4.75
5.20
5.20
5.05
5.15

13
110
75
200
170
200

(a)Monitoring well soil boring samples were collected from March 18 to
April 9f 1985.



TABLE E-2

EP TOXICITY LEACHATE ANALYSIS
KETHODS DATA

APRIL 1985 SAMPLESU)
AHCO CHEMICAL COMPANY
CNADBNHUTTm, OHIO

00002010

SAMPLE I.D.

TP-1 Composite
TP-2 Composite
TP-3 Composite
TP-4 Composite
TP-5 Composite
TP-6 Composite
TP-7 Composite
TP-8 Composite
TP-9 Composite
TP-10 Composite
TP-11 Composite
TP-12 Composite
TP-13 Composite
Lagoon Soil Composite
Sludge Pit Soil Composite
Sludge Pit Sludge Composite
B Series Soil Composite
B Series Sludge Composite
North Lagoon Sludge Composite
South Lagoon Sludge Composite

INITIAL PH FINAL PH
TOTAL VOLUME
ACID ADDED

(ml)

7.90
7.70
7.30
7.00
7.00
6.90
7,50
9,50
9.50
7.20
9.70
8.10

10.50
9.00
7.10
7.50
7.00
7.00
7.50
7.20

5,10
5.50
5.50
5.40
5.00
4.60

5.00
5.30

4.60
5.35
6.00
6.10

5.70
4.15
4.90
5.10
4.60
5.00
4.70
5.10

400
400
400
400
400
250
400
400
400
400

400
400

400
100

50
400
100
400

400
400

(a)Samples were collected from April 1 to April 8* 1985.



TABLE E-3

EP TOXICITY LEACUATE ANALYSIS
METHODS DATA FOR METALS

NOVEMBER THROUGH DECEMBER 1986 SAMPLHS(a)
ARCO CHEMICAL COMPANY
CNADENHUTTEM, OHIO

00002011

SAMPLE I.D. INITIAL pH FINAL pH
TOTAL VOLUME
ACID ADDED

(ml)

Northern Impoundment
Area Sludge Composite

S-l Soil
(9.4 - 10.0 ft.)

S-l Soil Duplicate
(9.4 - 10.0 ft.)

S-l Soil
(10.0 - 10.6 ft.)

S-3 Soil
(3.8 - 5.5 ft.)

S-3 Soil
(5.5 - 6.5 ft.)

Southern Impoundment
Area Sludge Composite

S-4 Soil
(6.0 - 8.0 ft.)

S-5 Soil
(9.5 - 11.0 ft.)

S-6 Soil
(10.1 - 11.4 ft.)

Blank

8.5

8.80

8.85

8.80

7.30

6.80

8.70

8.95

8.90

9.00

7.40

7.40

5.20

5.20

5.05

5.15

5.20

7.80

5.20

5.00

5.15

5.00

100

35

34

11

9

6

100

12

20

40

<1.0

See footnote at end of table.



TABLE E-3
(Coocinued)

00002012

SAMPLE 1.0. INITIAL pH FINAL pU
TOTAL VOLUME
ACID ADDED

(ml)

Area 1 Composite
Sludge
Soil

Area 2 Composite
Sludge
Soil

Area 3 Composite
Sludge
Soil
Soil Duplicate

Area 4 Composite
Sludge
Soil

Area 5 Composite
Sludge
Soil

Sludge Pit
Sludge Composite
Soil Composite
Soil Composite
Duplicate

Blank

8.10
6.80

8.00
6.90

7.90
7.20
7.40

7.80
6.60

7.60
7.30

8.00
7.65
7.60

7.20

6.30
5.20

6.10
5.00

6.10
5.20
5.20

6.10
5.10

5.20
4.80

6.50
5.00
5.00

4.45

100
10

100
10

80
10
11

80
6

80
22

100
8
8

(a)Samples were collected from November 17, 1986 to December 2, 1986



00002013
TABLE E-4

BP TOXICITY LEACHATE ANALYSIS
METHODS DATA FOR GENERAL CHEMISTRY

NOVEMBER THROUGH DECEMBER 1986 SAMPLES(a)
AfiCO CHEMICAL COMPANY
GNADENHITITEN, OHIO

TOTAL VOLUME
SAMPLE I.D. INITIAL pH FINAL pH ACID ADDED

(ml)

Northern Impoundment 8.SO 5.95 200
Area Sludge Composite

Northern Impoundment Area 8.40 5.80 200
Sludge Composite Duplicate

S-l Soil 8.20 5.15 30
(9.4 - 10.0 ft.)

S-l Soil 7.00 5.20 6
(10.0 - 10.6 ft)

S-3 Soil 6.40 5,05 4
(3.8 - 5.5 ft.)

S-3 Soil Duplicate 6.60 5.00 4
(3.8 - 5.5 ft.)

S-3 Soil 6.70 5.15 2
(5.5 - 6.5 ft.)

Southern Impoundment 9.70 7.10 200
Area Sludge Composite

5*4 Soil 8.40 4.90 6
(6.0 - 8.0 ft.)

S-5 Soil 8.00 5.00 12
(9.5 - 11.0 ft.)

S-6 Soil 8.10 4.85 21
(10.1 - 11.4 ft.)

Blank 5.80 4.20 1

See footnote at end of table.



TABLE E-4
(Continued)

00002014

SAMPLE I.D. INITIAL pH FINAL pH
TOTAL VOLUME
ACID ADDED

(ml)

Area No. 1 Composite
Sludge
Soil

Area 2 Composite
Sludge
Soil

Are* 3 Composite
Sludge
Soil
Soil Duplicate

Area 4 Composite
Sludge
Soil

Area 5 Composite
Sludge
Soil

Sludge Pit
Sludge Composite
Soil Composite

Blank

7.30
6.30

6.80
6.50

7.00
6.60
6.65

6.80
6.30

7.20
6.75

7.00
7.00

5.10
5.20

5.20
5.10

5.10
5.05
5.00

5.15
4.80

5.20
4.75

5.45
4.50

100
8

100
7

80
10
10

80
7

50
10

200
25

5.95 5.00 <1

(a)Samples were collected from November 17 to December 2, 1986.



TABLE E-5
EP TOXICITY LEACHATE ANALYSIS

METHODS DATA FOR METALS
JANUARY 1987 SAMPLESU)
ARCO CHEMICAL COMPANY
CNADENHUTTEN, OHIO

00002015

SAMPLE I.D. INITIAL pH FINAL pH
TOTAL VOLUME
ACID ADDED

(ml)

Northern Impoundment
Area Sludge Composite

S-l Soil
(8.0 - 8.8 ft.)

S*2 Soil
(7.2 - 8.5 ft.)

S-3 Soil
(7.0 - 7.8 ft.)

Southern Impoundment
Area Sludge Composite

S-4 Soil
(8.0 - 9.0 ft.)

3*4 Soil Duplicate

S-5 Soil
(8.5 - 9.0 ft.)

S-6 Soil
(9.5 - 10.1 ft.)

Blank

8.60

8.15

7.50

7.30

9.15

7.70

7.75

8.40

9.50

6.70

7,40

4,85

4.70

4.70

8.35

4.75

4.80

5.20

5.00

4.30

100

12

12

10

100

12

12

35

65

<1

See footnote at end of table.



TABLE E-5
(Continued)

00002016

SAMPLE I.D.
TOTAL VOLUME

INITIAL pU FINAL pU ACID ADDED

Area I Composite
Sludge
Soil

Area 2 Composite
Sludge
Soil

Area 3 Composite
Sludge
Soil

Area 4 Composite
Sludge
Soil

Area 5 Composite
Sludge
Soil

Sludge Pit
Sludge Composite
Soil Composite

8.30
7.40

8.30
7.50

8.20
7.50

8*15
7.60

8,10
7.40

8.40
8.00

6.35
5.05

6.15
4.95

6.10
4.70

6.15
4.85

5.20
4.80

6.80
4.85

100
10

100
15

100
20

100
IS

70
15

100
17

Blank 5.20 4.15

(a)Samples were collected from January 19 to January 28, 1987.



TABLE E-6
EP TOIICITY LEACHATE ANALYSIS

METHODS DATA POR GENERAL CHEMISTRY
JANUARY 1987 SAKPLES(a)
AROO CHEMICAL COMPANY
CNADENHUTTEIf, OHIO

00002017

SAMPLE I.D. INITIAL pH FINAL pH
TOTAL VOLUME
ACID ADDED

(ml)

Morthtrn Impoundment
Art* Sludge Composite

S-l Soil
(8.0 - 8.8 ft.)

3-2 Soil
(7.2 - 8.5 ft.)

5-3 Soil
(7.0 - 7.8 ft.)

Southern Impoundment
Area Sludge Composite

S-4 Soil
(8.0 - 9.0 ft.)

S-4 Soil Duplicate

S-5 Soil
(8.5 - 9.0 ft.)

S-6 Soil
(9.5 - 10.1 ft.)

Blank

9.20

8.70

7.80

7.60

5.4

4.10

4.60

4.50

100

20

10

10

10.60

7.90

8.50

8.90

9.50

5. SO

6.70

4.55

5.20

5.10

5.10

4.80

100

10

10

27

29

<1.0

See footnote at end of table-.



TABLE E-6
(Continued)

00002018

SAMPLE I.D. INITIAL pH FINAL pH
TOTAL VOLUME
ACID ADDED

(•1)

Area 1 Compoiict
Sludge
Soil

Area 2 Composite
Sludge
Soil

Area 3 CompQiite
Sludgt
Soil

Area 4 Composite
Sludge
Soil

Area 3 Composite
Sludge
Soil
Soil Duplicate

Sludge Pit
Sludge Composite
Soil Composite

BUnk

7.50
6.70

8.05
7.00

7.25
7.30

6.85
7.20

7.40
6.60
6.50

8.90
8.00

5.10
5.00

5.30
4.95

5.00
5.10

5.15
4.80

5.00
5.20
5.05

5.70
4.50

100
8

100
10

65
10

6
10

40
6
6

100
15

5.15 5.15 <1

(a)Samples were collected from January 19 to January 28, 1987


